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INTRODUCTION 


The  insulin-like  growth  factor  (IGF)  pathway  plays  an  important  role  in  breast  cancer  growth  and  metastasis. 
The  IGF-I  receptor  (IGF-IR)  is  overexpressed  in  almost  50%  of  triple  negative  breast  cancers  (TNBC),  defined 
as  estrogen  (ER)  and  progesterone  (PR)  receptor  and  HER-2/neu  receptor  (HER2)  negative.  We  have 
determined  that  IGF-IR  is  immunogenic  in  breast  cancer  and  is  a  potential  target  for  active  immunization. 

Overexpressed  growth  factor  receptor  proteins,  including  IGF-IR,  have  been  identified  as  addiction  oncogenes 
in  breast  cancer  as  well  as  other  tumors.1,2  Tumor  cells  that  have  become  dependent  upon  a  single  activated 
oncogene  for  their  growth  and  survival  are  thought  to  become  oncogene  addicted.3  Investigations  suggest  that 
oncogene  addiction  imbalances  cell  senescent  pathways  in  favor  of  anti-apoptotic  signaling.1  When  a 
dominant  oncogene  is  acutely  inactivated,  however,  the  balance  is  reversed  in  favor  of  pro-apoptotic  signaling. 
The  resultant  oncogenic  shock  provides  a  window  of  enhanced  sensitivity  to  cell  killing  prior  to  addiction 
developing  to  other  growth  or  survival  signaling  pathways.4,5 

We  hypothesize  that  immunologic  targeting  of  overexpressed  “biologic  driver”  proteins,  those  present  in 
oncogenic  pathways  to  which  the  tumor  is  addicted,1  may  impart  clinical  benefit  even  if  induced  antigen 
specific  immunity  does  not  completely  eradicate  the  disease.  Immune  mediated  elimination  of  malignant 
clones,  which  have  upregulated  proteins  that  confer  a  growth  advantage  to  the  tumor,  may  result  in  the 
development  of  a  cancer  remodeled  to  become  a  less  aggressive  variant  of  the  original  disease. 

The  specific  aims  of  this  proposal  are  to:  (1)  To  identify  putative  Class  II  epitopes,  derived  from  IGF-IR,  that 
stimulate  IGF-IR-specific  T  cells  in  patients  with  breast  cancer;  (2)  To  evaluate  the  immunogenicity,  clinical 
efficacy,  and  safety  of  an  IGF-IR  class  II  polyepitope  vaccine  in  a  mouse  model  of  TNBC. 


BODY 

Aim  1.  To  identify  putative  Class  II  epitopes,  derived  from  IGF-IR,  that 
stimulate  IGF-IR-specific  T  cells  in  patients  with  breast  cancer. 

Aim  l.a.  To  identify  IGF-IR  peptides  based  on  predicted  high  avidity  binding 

across  multiple  class  II  alleles. 

The  20  IGF-IR  peptides  predicted  to  bind  with  high  affinity  to  multiple  MHC 
class  II  alleles  are  listed  in  Table  I.6'7  The  majority  of  the  peptides,  95%, 
induced  significant  antigen-specific  IFN-g  secretion  in  both  breast  cancer  and 
control  PBMC  (Table  1),  as  measured  by  ELISPOT.7  Seven  percent  of  donors 
did  not  respond  to  any  peptide,  23%  of  donors  responded  to  1  -3  peptides,  54% 
of  donors  responded  to  4-10  peptides  and  16%  of  donors  responded  to  >10 
peptides.  There  was  no  significant  difference  in  the  magnitude  of  response  of 
any  individual  IGF-IR  peptide  between  patients  and  controls  and  both 
populations  had  a  similar  incidence  and  magnitude  of  response  to  CEF  peptides 
(p=0.357)  (Fig.  1).  The  CEF  peptide  pool  is  derived  from  cytomegalovirus, 
Epstein  Barr  virus  and  Influenza  virus  and  used  here  as  a  positive  control. 

Since  there  were  no  differences  between  cancer  and  controls,  all  43  donors 
were  considered  together  for  further  statistical  analyses.  The  peptides  were 
grouped  into  domains  of  IGF-IR.  There  was  a  significant  increase  in  the 
magnitude  of  response  in  the  C-terminal  domain  (CTD)  compared  to  the 
extracellular  domain  (ECD)  (p<0.001)  or  the  kinase  domain  (KD)  (p=0.001)  (Fig 
1).  Significantly  more  subjects  responded  to  epitopes  in  the  CTD  of  the  protein 
(median  percent  responding:  48%),  compared  to  epitopes  in  the  ECD  (median 
percent  responding:  27%;  p=0.035)  (Fig  2). 


Table  1.  IGF-IR  specific  Type  I  T 
cells  are  readily  detected  in  the 
peripheral  blood  of  breast  cancer 
patients  and  volunteer  donors. 


Control 

Cancer 

Mean 

Range 

Mean 

Range 

p7-21 

11.2 

0-63.2 

10.4 

0-73.3 

p24-38 

23.8 

0-85.8 

13.9 

0-62.8 

p39-53 

12.8 

0-79.7 

20.7 

0-65 

p76-90 

31.8 

0-91.3 

35.1 

0-160 

P354-368 

14.6 

0-92.5 

12 

0-80.1 

P363-377 

0 

0 

P388-402 

9.8 

0-54.3 

6 

0-72 

p554-559 

4.8 

0-46 

8.7 

0-76.8 

P787-801 

8.5 

0-47.1 

6.1 

0-49.3 

p891 -905 

33.6 

0-126.6 

15.8 

0-68.8 

P906-920 

24 

0-118.9 

20 

0-94 

p921 -935 

20.1 

0-118 

15.6 

0-39 

pi  028-1 042 

33 

0-91.6 

20.8 

0-93 

pi  080-1 094 

7 

0-57.8 

5.3 

0-81.6 

pi  092-1 106 

10.4 

0-69.8 

13 

0-101.6 

pi  166-1 180 

20.5 

0-114 

5.5 

0-50 

pi  21 2-1 226 

20.3 

0-134 

10.7 

0-85.7 

pi  302-1 316 

24.3 

0-112.6 

22.4 

0-81.8 

pi  307-1321 

34.8 

0-134.7 

29.8 

0-97 

pi  31 1-1325 

34.9 

124.3 

24.5 

0-91 
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IGF- IR  Domain 


To  determine  whether  responding  peptides  were  native 
epitopes  of  IGF-IR,  peptide  specific  T  cell  lines  were 
generated  from  three  control  and  two  cancer  donor’s 
PBMC  and  evaluated  for  specificity  to  human  IGF-IR.7 
The  peptides  were  randomly  chosen,  two  peptides  from 
the  ECD,  and  one  peptide  each  from  the  TM,  KD  and 
CTD.  Each  peptide  was  1 00%  homologous  with  murine 
IGF-IR.  The  T  cell  lines  (mean,  98.4%  CD3+ cells)  were 
predominantly  CD4+  (mean,  67.8%;  range  59.8-73.6%), 


Figure  1.  IGF-IR  peptides  in  the  CTD  induce  a  higher  magnitude  of 
IFN-g  response  than  the  other  domains.  IFN-g  ELISPOT  for  volunteer 
(n=23;  gray  bars)  and  breast  cancer  (n=20;  white  bars)  PBMC  for  IGF-IR 
peptides  in  the  extracellular  domain  (ECD),  transmembrane  domain  (TD), 
kinase  domain  (KD),  C-terminal  domain  (CTD)  and  CEF  peptides.  The 
data  are  presented  as  interquartile  box  plots  with  Tukey  whiskers.  Median 
corrected  spots  per  well  (CSPW)  are  indicated  by  the  horizontal  bar; 
*p<0.01  compared  to  ECD  and  TM. 

100  -i 

m  80  - 
°  60  - 


with  CD8+  (mean,  25.5%;  range,  23.3-28.4%)  and  CD4' 
CD8"  (mean,  1.2%;  range  0.68-1.88%)  cells.  The  T  cell 
lines  generated  were  both  IGF-IR  peptide  (p354-368, 
p=0.001 ;  p545-559,  p=0.013;  p921-935,  p=0.041 ;  pi  092- 
1210,  p=0.002;  pi 307-1 321,  p=0.04  compared  to  HIV 
pi 7)  and  IGF-IR  protein  specific  (p354-368,  p=0.001; 

P545-559,  p=0.001 ;  p921-935,  p=0.04; 

pi  092-1 210,  p=0.03;  pi  307-1 321,  p=0.04 
compared  to  mock  transfectants)  (Fig.  3A- 
E).  All  the  IGF-IR  specific  T  cell  lines 
secreted  Type  1  cytokines;  TNFa  (mean, 
1,028  pg/ml;  range  101-2,370  pg/ml)  and 
IFN-g  (mean,  68,419  pg/ml;  range,  37,030- 
99,106  pg/ml).  Additionally,  the  T  cell  lines 
secreted  the  Type  2  cytokine,  IL-10  (mean, 
823  pg/ml;  range  71-2,154  pg/ml).  IFN-g 
secretion  was  significantly  greater  than 
TNFa  (p=0. 002)  or  IL-10  secretion 
(p=0.003)  (Fig.  3F).  Minimal  IL-2  (mean, 
26  pg/ml;  range,  0-132  pg/ml)  and  no  IL-4 
(mean,  0)  was  detected. 
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Figure  2.  IGF-IR  CTD  peptides  induce  IFN-g  secretion  in  significantly  more  donors. 

Florizontal  dashed  line  indicates  the  median  percent  responding  in  each  domain;  #p<0.05 
compared  to  all  other  domains. 
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Cytokines 


Aim  l.c.  To  determine  whether  identified  IGF-IR 

peptides  stimulate  T  regulatory  (Treq)  cell 

proliferation. 

Tregs  can  modulate  the  immune  response  by 
secreting  the  immunosuppressive  cytokines  IL-10 
and  TGFbeta.8,9  Given  that  Tregs  can  proliferate 
in  the  peripheral  blood  in  response  to  stimulation 
with  15-mer  peptides  specific  for  common  tumor 
antigens9,  we  identified  class  II  epitopes  in  IGF-IR 
that  might  preferentially  enhance  the  growth  of 
Tregs.  IL-10  ELISPOT  was  performed  on  20 
volunteer  and  20  breast  cancer  donor  PBMC.10 


Figure  3.  IGF-IR  peptides  are  native  MHCII  epitopes.  (A-E)  IFN- 
g  ELISPOT  for  IGF-IR  peptide-specific  T  cell  lines.  Antigens 
include  IGF-IR  peptides,  cos-1  cell  lysate  transfected  with  pcDNA3 
encoding  IGF-IR,  and  HIV  pi 7  and  cos-1  lysate  transfected  with 
empty  pcDNA  (mock)  are  used  as  negative  controls.  Data  are 
expressed  as  mean  spots  per  well  ±  SD;  **p<0.001,  *p<0.01, 
#p<0.05.  (F)  Cytokine  secretion  from  IGF-IR  T-cell  lines  pooled 
from  5  different  donors  expanded  with  peptides  p354,  p545,  p921, 
or  pi  092;  **p<0.001  compared  to  TNFa  and  IL-10  secretion. 
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Similarly  to  that  observed  with  IFN-g  secretion,  there  was  no  significant  difference  in  response  between  cancer 
and  controls  for  any  individual  peptide.  Thirty-seven  percent  of  donors  did  not  respond  to  any  peptide,  5%  of 
donors  responded  to  1-3  peptides,  17%  of  donors  responded  to  4-10  peptides  and  6%  of  donors  responded  to 
>10  peptides.  There  was  a  significant  increase  in  the  magnitude  of  response  in  the  ECD  (p=0.012),  TMD 
(p=0.006)  and  KD  (0.008)  compared  to  the  CTD  (Fig.  4).  Significantly  more  subjects  responded  to  epitopes  in 
the  TD  of  the  protein  (median  percent  responding:  38%),  compared  to  epitopes  in  the  CTD  (median  percent 
responding:  15%;  p=0.001)  (Fig  5). 


IGF- IR  Domain 


Figure  4.  Some  IGF-IR  peptides  are  potentially  Figure  5.  A  greater  percentage  of  donors  have  T  cells  that  secrete  IL-10 

immunosuppressive.  IL-10  ELISPOT  for  volunteer  (n=20;  gray  when  stimulated  with  IGF-IR  peptides  in  the  TD.  Horizontal  dashed  line 

bars)  and  breast  cancer  (n=20;  white  bars)  in  each  of  the  IGF-IR  indicates  the  median  percent  responding  in  each  domain;  p<0.01  compared  to 

domains.  The  data  are  presented  as  interquartile  box  plots  with  CTD. 


Tukey  whiskers.  Median  corrected  sots  per  well  (CSPW)  are 
indicated  by  the  horizontal  bar;  *p<0.01  compared  to  CTD. 


Peptide 


Figure  6.  CTD  peptides  stimulate  a  Thl  immune  response  with  limited 
immunosuppression.  IGF-IR  peptides  were  analyzed  by  the  magnitude  and 
frequency  of  response  to  both  IFN-g  and  IL-10  ELISPOT  in  breast  cancer 
donors.  Peptides  were  ranked  from  preference  to  secrete  IL-10  to  preference  to 
secrete  IFN-g.  No  preference  to  secrete  either  cytokine  is  indicated  at  1  on  the 
v-axis. 

A  B 


To  choose  peptides  for  the  multi-epitope  vaccine 
that  induced  increased  IFN-g  without  inducing  IL- 
10,  we  created  a  ratio  of  IFN-g  to  IL-10  that 
analyzed  both  the  magnitude  and  frequency  of 
ELISPOT  response  using  the  following  algorithm: 
corrected  mean  spots  per  well  x  percent  of 
responding  donors.  Although  there  were  no 
differences  observed  in  any  individual  peptides  for 
both  IL-10  and  IFN-g  secretion,  we  used  the 
magnitude  and  frequency  of  responses  for  cancer 
patients  only.  The  peptides  were  ranked  from 
highest  IL-10  response  to  highest  IFN-g  response, 
where  high  IL-10  compared  to  IFN-g  is  shown 
below  1  and  high  IFN-g  compared  to  IL-10  is 
shown  above  1  (Fig  6).  The  top  three  peptides 
(pi  301 -131 6,  pi  307-1 321,  and  pi  21 2-1 226)  are  in 
the  CTD  and  the  fourth  peptide  (pi  166-1 180)  is  in 
the  kinase  domain.  These  peptides,  along  with 
pi  31 1-1 325  were  chosen  for  the  multi-epitope 
vaccine.  Though  not  in  the  top  four  peptides, 

pi  31 1-1325  was  chosen  to  be  included 


Figure  7.  Higher  levels  of  IGF-IR-specific  Thl  are 
found  in  the  peripheral  blood  of  obese  as  compared 
to  healthy  weight  and  overweight  individuals 
regardless  of  a  breast  cancer  diagnosis.  (A)  IFN-y 
CSPW  for  all  positive  responses  according  to  median 
age  (42  years)  presented  as  interquartile  box  plots  with 
Tukey  whiskers.  Median  CSPW  are  indicated  by  the 
horizontal  bar.  (B)  IFN-y  CSPW  for  all  positive 
responses  graphed  according  to  BMI.  BMI<25  kg/m2 
(healthy  weight);  BMI=25.0-29.9  kg/m2  (overweight); 
BMI  >30.0  kg/m2  (obese).  *p<0.01. 
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since  it  was  very  similar  to  pi 307-1 321  and  predominantly  induced  secretion  of  IFN-g. 

Th2  immunity  appeared  to  be  more  prevalent  and  of  higher  magnitude  in  patients  with  breast  cancer,  however, 
IGF-IR-specific  Thl  immunity  had  no  such  association.  We  then  explored  additional  factors,  known  to 
potentially  impact  immunity,  as  a  potential  etiology  for  presence  of  detectable  IGF-IR-specific  Thl  in  both 
populations.  Studies  have  demonstrated  autoantibody  levels  and  autoreactive  lymphocytes  increase  with  age 
in  humans  and  primates11"13,  however,  there  was  no  significant  difference  in  the  incidence  (p=0.198)  or 
magnitude  (p=0.223)  (Fig.  7A)  of  IGF-IR-specific  Thl  between  donors  below  the  median  age  of  42  years 
compared  to  those  donors  above  the  median  age.  Obesity  is  marked  by  elevated  levels  of  circulating  CD4+  T- 
cells  secreting  IFN-y.14  Moreover,  IGF-IR  has  been  shown  to  be  aberrantly  expressed  in  obese  adipocytes.15 
For  this  reason,  we  explored  the  relationship  of  the  incidence  and  magnitude  of  antigen-specific  Thl  with  Body 
Mass  Index  (BMI).  There  was  no  significant  difference  in  the  incidence  of  IGF-IR  immunity  by  BMI  (p>0.05  for 
all  groups),  however,  we  observed  a  significantly  greater  magnitude  of  IGF-IR  IFN-y-secreting  T-cells  in  obese 
subjects  than  overweight  (p<0.001)  or  healthy  weight  (p=0.006)  subjects  regardless  of  a  breast  cancer 
diagnosis  (Fig.  7B).  No  significant  difference  was  observed  in  IL-10  incidence  or  magnitude  when  stratified  by 
age  (p=0.174,  p=0.966,  respectively)  or  BMI  (p=0.137,  p=0.174,  respectively). 


Aim  2.  To  evaluate  the  immunogenicity,  clinical  efficacy,  and  safety  of  an  IGF-IR  class  II  polyepitope 
vaccine  in  a  mouse  model  of  TNBC. 
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Figure  8.  CTD  peptides  induce  a  Thl  immune  response  and  inhibit  tumor  growth  in 
TgC3(l)-Tag  mice.  (A)  IFN-g  ELISPOT  from  mice  vaccinated  with  the  IGF-IR-CTD  peptide 
pool.  The  antigens  include  the  CTD  peptide  pool,  and  irrelevant  (irr.)  peptide  and  no  antigen 
(Ag)  are  used  as  negative  controls  (n=5);  #p<0.05  compared  to  either  no  Ag  or  irr.  peptide.  (B) 
Mean  tumor  volume  (mm3  ±  SEM)  from  mice  injected  with  PBS  alone  (  •  )  or  IGF-IR 
vaccine  (  )  (n=8);  **p=0.00l. 
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Figure  9.  Thl  cells,  elicited  by  IGF-IR  vaccination,  inhibit  the  growth  of  breast  cancer  via 
IFN-g  secretion.  (A)  Mean  tumor  volume  (mm3  ±SEM)  from  mice  injected  with  adjuvant  (•) 
IGF-IR  vaccine  (0),  or  IGF-IR  vaccine  with  isotype  control  Ig  (T),  CD8+  depletion  (A)  CD4+ 
depletion  (o)  or  B  cell  depletion  (□).  (B)  Mean  tumor  volume  (mm3±SEM)  after  mice  were 
injected  with  adjuvant  (•)  IGF-IR  vaccine  (0),  or  IGF-IR  vaccine  with  isotype  control  Ig  (T)  or 
IFN-g  depletion  (o);  **p<0.001  for  all  panels. 


Aim  2. a.  To  determine  the 
immunogenicity  and  therapeutic 
efficacy  of  IGF-IR  immunization. 

Breast  cancers  derived  from  TgC3(l)- 
Tag  mice  express  IGF-IR  (data  not 
shown).  Non-tumor  bearing  parental 
FVB/N  mice  were  immunized  with  IGF- 
IR-CTD  peptide  pool  (pi  301 -131 6, 
pi  307-1 321,  pi  31 1-1325  and  pi  212- 
1 226)7  All  peptides  were  100% 
homologous  to  the  mouse  protein. 
Antigen  specific  T  cells  were  generated 
after  vaccination  (p=0.026  compared  to 
HIV  peptide)  (Fig.  8A).  TgC3(l)-Tag 
mice  were  also  vaccinated  with  the 
IGF-IR-CTD  peptide  pool.  The 
syngeneic  tumor  cell  line  M616  was 
implanted  subcutaneously  in  the  flank 
of  the  mouse.7  After  32  days  of  growth, 
the  mean  tumor  volume  of  the  IGF-IR- 
CTD  vaccinated  group  was  17±3  mm3 
compared  to  161  ±17  mm3 

Aim  2.b.  To  determine  which  immune 
effector  arm  is  essential  for  mediating 
therapeutic  efficacy  after  immunization. 
To  assess  which  T-cell  subset 
mediated  the  antitumor  effect,  IGF-IR 
vaccinated  mice  were  selectively 
depleted  of  CD4+  and  CD8+  T-cells 
prior  to  tumor  challenge.  B-cells  were 
also  depleted  as  IGF-IR  specific 
antibodies  have  been  shown  to  mediate 
tumor  regression.17  IGF-IR  vaccination 
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with  adjuvant  induced  similar  tumor  inhibition  as  vaccination  with  CD8+  (p=0.376)  or  B-cell  depletion  (p=0.75) 
or  isotype  control  Ig  (clg)  treatment  (p=0.546).  However,  depletion  of  CD4+  T-cells  abrogated  the  anti-tumor 
effect  of  IGF-IR  vaccination  and  tumor  growth  was  . 


no  different  from 
p=0.339  (Fig.  9A). 


the  adjuvant  only  controls, 


B 


Vaccine  Vaccine 


/ 
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As  the  predominant  cytokine  secreted  by  the  IGF- 
IR  specific  Th  cells  was  IFN-g,  we  selectively 
depleted  IFN-g  in  vaccinated  mice  prior  to  tumor 
challenge  to  determine  its  contribution  to  the 
observed  anti-tumor  activity.  The  average  tumor 
volume  in  IFN-g  neutralized  mice  was  significantly 
larger  than  untreated  vaccinated  mice  (p<0.0001), 
or  clg  treated  vaccinated  mice  (p<0.0001)  (Fig. 

9B).  Indeed,  tumor  size  in  the  vaccinated  IFN-g- 
depleted  animals  was  equivalent  to  adjuvant  only 
controls  (p=0.207). 

Tumor  proliferation  was  significantly  decreased  in 
the  IGF-IR  immunized  animals  compared  to  the 
adjuvant  controls,  p<0.001  (Fig.  10A  and  B). 

However,  after  IFN-g  depletion,  the  percentage  of 
proliferating  tumor  cells  in  vaccinated  mice  was 
not  significantly  different  from  the  control 
(p=0.1 08)  (Fig.  10A),  and  was  greater  than  that  observed  in  tumors  from  vaccinated  (p<0.001)  and  clg  treated 
vaccinated  mice  (p=0.008)  (Fig.  10A;  representative  fields  Fig.  10B  (l-IV)).  In  addition,  apoptosis  was 
significantly  increased  in  tumors  from  both  IGF-IR  vaccinated  and  clg  treated  vaccinated  mice  compared  to 
adjuvant  only  and  IFN-g  depleted  vaccinated  mice  (p=0.002,  p=0.01,  respectively)  (Fig.  10C  and  D).  There 
was  no  difference  in  apoptosis  in  IFN-g  depleted  vaccinated  mice  and  adjuvant  control  tumors  (p=0.575)  (Fig. 
10C  and  D). 

IFN-g  receptors  are  expressed  on  human  breast  cancer  cells18,19  and  we  similarly  demonstrate  that  IFN-g-RI  is 
expressed  on  a  syngeneic  murine  tumor  cell  line  (Fig.  11  A),  in  vitro  IFN-g  treatment  of  human  breast  cancer 
cells  has  been  shown  to  restore  ST ATI  signaling,20  as  it  did  in  tumor  cells  (Fig.  11B).  FigurellB  also 
demonstrates  IFN-g  treatment  of  tumor  cells  inhibits  signaling  through  IGF-IR  without  significantly  altering 
receptor  protein  levels.  As  enhanced  IGF-IR  signaling  has  been  shown  to  be  associated  with  a  loss  of  PTEN 

protein  expression  in  breast  cancer,  conferring  a  growth 


anti-IFN-y  clg 

Figure  10.  IFN-g  modulates  tumor  cell  growth  and  survival.  (A)  Percent 
PCNA  positive  cells  ±SEM,  in  21  day  tumors,  were  counted  from  10  high- 
powered  fields  (HPF)  from  6  mice;  *p<0.01.  (B)  Representative  PCNA  stain.  (C) 
Percent  TUNEL  positive  cells  ±SEM,  in  21  day  tumors,  were  counted  from  10 
high-powered  fields  (HPF)  from  6  mice;  *p<0.01.  (B)  Representative  TUNEL 
stain;  /:  control;  II:  IGF-IR  vaccine;  III:  vaccine  +  anti-IFN-g;  IV:  vaccine  +  clg. 
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Figure  11.  IGF-IR  signaling  is  modulated  by  IFN-g.  (A) 

Tumor  cells  were  analyzed  by  flow  cytometry;  IgG  isotype 
control  (blue  line),  IFN-gRI  (red  line).  (B)  Western  blot  of 
signaling  proteins  and  tubulin, 


advantage  to  PTEN  negative  cells,  we  assessed  PTEN 
restoration  with  IFN-g  treatment.  The  level  of  PTEN  protein  was 
increased  after  IFN-g  exposure  (Fig.  11B).  As  PTEN  negatively 
regulates  the  PI3K/AKT  pathway,22  we  evaluated  phospho-AKT 
expression  after  IFN-g  treatment,  and  demonstrated  a  marked 
decrease  in  activity  (Fig.  1 1 B). 

We  questioned  whether  SOCS  family  members  were  operative  in 
modulating  IGF-IR  signaling  as  SOCS  proteins  have  been  shown 
to  attenuate  signaling  through  insulin  receptor,  which  is  highly 
homologous.23  Compared  to  SOCS2  and  3,  SOCS1  expression 
in  tumor  cells  was  strongly  induced  with  IFN-g  treatment  (Fig. 
12A).  To  determine  whether  SOCS1  was  regulating  IGF-IR 
phosphorylation  in  the  presence  of  IFN-g,  we  silenced  its 
expression.  Untreated  MMC  cells  demonstrate  high  levels  of 
IGF-IR  phosphorylation  which  was  significantly  inhibited 
(p=0.019)  with  IFN-g  treatment  in  siRNA  control  cells  (csiRNA) 
(Fig.  12B  1,111).  Reduction  of  SOCS1  levels  via  siRNA,  in  the 
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presence  of  IFN-g,  resulted  in  67%  restoration  of  IGF-IR  signaling,  compared  to 
(p=0.007)  (Fig.  12B  1,111).  IFN-g  inhibited  proliferation  of  tumor  cells  treated 
untreated  cells  (p<0.0001)  (Fig.  12C,D).  Decrease  in 
SOCS1  expression,  in  the  presence  of  IFN-g  did  not 
significantly  restore  tumor  proliferation  to  the  level  of  ^ 

the  untreated  control  (p<0.001)  but  it  did  increase  cell  A  ^  ^ 
proliferation  by  26%  compared  to  csiRNA  (p<0.0001)  SOGS1 
(Fig.  12C;  representative  fields  Fig.  12D  l-lll). 

Investigators  have  hypothesized  that  SOCS1  may 
directly  interact  with  insulin  receptor  to  inhibit 
activation  of  its  downstream  effectors24  and  we 
questioned  whether  SOCS1  may  be  directly  binding 
to  IGF-IR  in  our  model.  Figure  13  /  demonstrates 
significant  co-precipitation  of  SOCS1  with  IGF-IR 
from  IFN-g-treated  tumor  cells  compared  to  controls 
(p=0.007,  Fig.  13  II). 


IFN-g  csiRNA  treated  cells 
with  csiRNA  compared  to 


Tubulin 


SOCS2 


Tubulin 


SOCS3 


Tubulin 
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I  p-IGF-IR 


II  IGF-IR 
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Experimental  Groups 


Since  overexpression  of  AKT  induces  Tamoxifen 
resistance,  while  inhibition  restores  Tamoxifen 
sensitivity,25  we  questioned  whether  our  IGF-IR- 
specific  vaccine  would  render  previously  Tamoxifen- 
resistant  tumors  now  sensitive.  Vaccination 
demonstrated  an  inhibition  of  tumor  growth  by  85% 
compared  to  adjuvant  only  control  animals  (p<0.001) 
(Fig. 14).  Tumor  growth  in  mice  injected  with  adjuvant 
and  treated  with  Tamoxifen  was  no  different  than  that 
observed  in  untreated  mice.  However,  treatment  with 
Tamoxifen  in  vaccinated  tumor-bearing  mice  resulted 
in  a  further  38%  reduction  in  growth  compared  to 
vaccinated,  untreated  animals  (p=0.02). 

Aim  2.c.  To  determine  whether  IGF-IR  vaccination 

induces  diabetes  or  other  toxicities  in  immunized 

mice. 

Serum  chemistries,  complete  blood  count  and 
pathology  was  performed  on  mice  one  week  (acute 
toxicity)  and  3  months  (chronic  toxicity)  after  the  last 


Figure  12.  IFN-g-induced  SOCS1  mediates  IGF-IR  activity._(A) 

Western  blot  of  SOCS  family  proteins,  unstimulated  and  after  IFN-g 
treatment.  (B)  Representative  Western  blot  of  untreated  and  IFN-g  + 
control  (c)  siRNA  and  SOCS1  siRNA  transfected  MMC  for  phospho-  (/) 
and  total  IGF-IR  (II).  Percent  control  of  untreated  cellsiSEM  as 
measured  by  densitometry  for  csiRNA  and  SOCS1  siRNA  (III)]  #p<0.01 
compared  to  csiRNA  +  IFN-g  treated  cells  (n=3  independent 
experiments).  (C)  Percent  PCNA  positive  cellsiSEM  were  counted  from 
10  HPF  from  3  independent  experiments  for  untreated  and  IFN-g 
treated  csiRNA  and  SOCS1  siRNA  transfected  tumor  cells,  **p<0.001. 
(D)  Representative  PCNA  stain;  /:  untreated;  //:  csiRNA  +  IFN-g;  III : 
SOCS1  siRNA  +  IFN-g. 


vaccine. 


All  serum  chemistry  and  complete  blood  count 
values  for  all  groups  were  in  the  limits  of  the 
established  ranges,26'29  except  phosphorus, 
osmolality,  chloride  and  platelet  count  (Tables  2-5, 
appendix).  All  groups  of  mice  had  a  phosphorus 
value  above  the  reference  range  (4.6-10.8  mg/dl) 
and  osmolality  values  below  the  reference  range 
(321-330).  All  groups  except  the  IGF-IR  vaccine 
group  in  the  chronic  toxicity  cohort  had  a  platelet 
count  below  the  reference  range  (814-1656  K/ul).  All 
groups  in  the  chronic  toxicity  cohort  had  a  chloride 
value  below  the  reference  range  (110-204  meg/I). 
There  was  no  significant  difference  in  the  values 
between  any  groups. 


Experi menial  Groups 


Figure  13.  IFN-g 

potentiates  the 

association  between 
SOCS1  and  IGF-IR. 

Representative  Western 
blot  of  co- 

immunoprecipitation  of 
SOCS1  and  IGF-IR  from 
tumor  cell  lysate  (/);  I.P.: 
immunoprecipitation,  I.B.: 
immunoblot.  Densitometry 
is  represented  as  percent 
control  of  untreated  cells  ± 
SEM  from  three 

independent  experiments 
(II)]  p<0.01. 
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There  were  no  treatment  related  lesions,  which  could 
be  considered  consistent  with  a  toxic  response  that 
distinguished  one  group  from  another  (Tables  6-11, 
appendix).  The  pancreas,  thymus,  ovary/uterus, 
heart,  adrenal  gland,  skeletal  muscle,  brain  and 
salivary  gland  contained  no  significant  lesions  in  any 
of  the  groups  in  the  acute  toxicity  cohort.  The  above 
mentioned  organs  were  also  without  significant  lesions 
in  the  chronic  toxicity  cohort  except  the  adrenal  gland, 
as  some  animals  in  all  groups  demonstrated  mild 
lipofuscinoisis  and  X-zone  vacuolation  which  is 
considered  an  incidental  age-related  lesion.  Spleen 
and  bone  marrow  were  well  populated  with  lymphoid 
cells  in  all  animals  and  differences  varied  only  slightly 
and  were  typically  indistinguishable.  Draining  lymph 
nodes  in  the  CFA  and  IGF-IR  vaccinated  groups 
contained  lymphoid  infiltrates  consistent  with  ongoing 
immune  stimulation.  Liver,  in  most  mice,  had  extramedullary  hematopoiesis  and  mild  random  microgranuloma. 
In  the  lung  in  some  of  the  vaccinated  animals,  there  were  perivascular  lymphoid  aggregates,  consistent  with  an 
ongoing  immune  response.  These  findings  were  mild  and  of  no  clinical  consequence.  There  was  minimal  to 
mild  renal  tubule  hypertrophy  and  hyperplasia  in  some  of  the  mice.  However,  since  this  result  was  observed  in 
the  untreated  mice,  we  concluded  it  was  not  a  result  of  vaccination  with  IGF-IR.  Of  note,  all  30  animals  were 
alive  and  appeared  healthy  following  the  final  vaccination. 


Figure  14.  IGF-IR-specific  vaccine  sensitizes  tumors  to  Tamoxifen 
therapy.  Mean  tumor  volume  (±SEM)  of  mice  injected  with  adjuvant 
(•),  IGF-IR  vaccine  (■),  or  treated  with  Tamoxifen  after  injection  of 
adjuvant  (o)  or  IGF-IR  vaccine  (A).  *p<0.001 ;  n=5  mice  /  group. 


Training  Program. 

My  mentor  and  I  have  had  intensive  one-on-one  meetings  once  every  two  weeks  to  evaluate  the  status  of  the 
project.  I  have  attended  our  general  laboratory  research  meetings  every  week  where  I  have  presented  data 
eight  different  times.  In  addition,  I  have  attended  two  different  focused  small  group  lab  meetings  on  vaccine 
design  and  development  every  week  where  I  have  presented  data  as  well  as  given  introductory  lectures  on 
new  concepts  within  my  scope  of  work  that  was  unknown  to  the  group. 

I  have  attended  and  presented  my  data  at  the  annual  American  Association  of  Cancer  Research  meeting  and 
the  Era  of  Hope  Meeting.  I  presented  data  as  an  invited  speaker  for  the  Mexican  Northwest  Oncology  Group 
as  well  as  a  guest  lecturer  for  the  University  of  Washington’s  Department  of  Pharmaceutics. 

I  have  participated  in  many  seminars  and  short  courses  offered  by  the  University  of  Washington’s  Institute  for 
Translational  Health  Sciences  on  career  development  and  clinical  education.  I  have  also  witnessed  the 
consent  process  involved  in  enrolling  a  patient  on  a  clinical  trial. 

I  have  worked  closely  with  my  mentor  on  submitting  a  pilot  grant  and  the  preparation  of  three  manuscripts. 

KEY  RESEARCH  ACCOMPLISHMENTS 

•  There  was  no  difference  in  the  magnitude  and  incidence  of  the  Thl  immune  response  to  any  individual 
IGF-IR  peptide  between  cancer  and  volunteers. 

•  IGF-IR  Thl  immunity  is  associated  with  increased  adiposity. 

•  CTD  peptides  induce  a  significantly  greater  inflammatory  Thl  response  with  significantly  less  Th2 
immunity  in  most  patients  tested. 

•  Vaccination  with  the  IGF-IR-CTD  peptide  pool  stimulates  a  Thl  immune  response  and  inhibits  tumor 
growth  in  the  TgC3(l)-Tag  mouse  model  of  TNBC. 

•  Thl  cells,  elicited  by  IGF-IR  vaccination,  inhibit  the  growth  of  breast  cancer  via  IFN-g  secretion. 

•  IFN-g  regulates  tumor  cell  growth  and  survival  via  SOCS1 -dependent  inhibition  of  IGF-IR  signaling. 

•  IGF-IR-specific  vaccine  sensitizes  tumors  to  Tamoxifen  therapy. 

•  No  toxicities  were  observed  following  vaccination  with  IGF-IR  peptides. 
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REPORTABLE  OUTCOMES 

Abstracts: 

Vaccination  with  peptides  in  IGF-IR  that  induce  robust  Thl  immunity  with  limited  immunosuppression 
significantly  inhibit  tumor  growth  in  a  model  of  triple-negative  breast  cancer.  Department  of  Defense  Breast 
Cancer  Research  Program  Era  of  Hope  Meeting,  201 1 . 

Vaccination  targeting  IGF-IR  sensitizes  tumors  to  tamoxifen  therapy  in  an  anti-estrogen  resistant  mouse 
model.  American  Association  of  Cancer  Research  Annual  Meeting.  2012. 

Publication: 

Cecil  DL,  Park  K,  Gad  E,  Childs  JS,  Higgins  DM,  Plymate  SR,  Disis  ML.  T-helper  I  immunity,  specific  for  the 
breast  cancer  antigen  insulin-like  growth  factor-1  receptor  (IGF-IR),  is  associated  with  increased  adiposity. 
Breast  Cancer  Res  Treat.  2013.  139(3):657-665. 


CONCLUSION 

TNBC  is  considered  more  clinically  aggressive  than  other  breast  cancer  phenotypes:  patients  who  develop 
metastatic  TNBC  have  a  shorter  survival  than  patients  with  metastatic  breast  cancer  of  other  subtypes  and  the 
majority  of  deaths  occur  within  the  first  5  years  after  therapy  is  completed.30  But,  if  a  TNBC  patient  can 
achieve  a  complete  remission  with  standard  therapy,  their  chance  at  survival  is  similar  to  other  better  prognosis 
breast  cancer  subtypes.31  Data  generated  in  this  fellowship  has  paved  the  way  for  a  more  effective  vaccine 
targeting  this  aggressive  breast  cancer  phenotype. 

The  ability  to  more  effectively  treat  cancer  after  immunization,  or  other  forms  of  Type  1  cytokine  inducing 
immune  therapy,  may  contribute  to  the  survival  benefit  observed  after  immunization  in  clinical  trials  of  cancer 
vaccines.  32  34  Our  data  would  suggest  that  vaccine-induced  oncogenic  shock  plays  a  role  in  sensitizing 
tumors  to  enhanced  cell  death  with  subsequent  treatment.  Planned  future  studies  will  determine  if  IGF-IR 
vaccine-induced  sensitization  to  therapy  applies  to  other  common  chemotherapies,  such  as  taxol,  in  TNBC.  A 
clinical  trial  will  be  planned  that  combines  the  IGF-IR  vaccine  with  standard  therapy. 

An  alternative  line  of  study  generated  from  this  fellowship  stems  from  the  observation  that  IGF-IR  is  a  potential 
obesity-associated  antigen.  Obesity,  especially  obesity  which  is  linked  with  insulin  resistance,  diabetes  and 
hypertension  (metabolic  syndrome)  is  a  precursor  physiology  for  the  development  of  breast  cancer.  Obesity  is 
a  risk  factor  for  TNBC.  One  analysis  of  nearly  200  women  observed  58%  of  patients  with  TNBC  had  evidence 
of  metabolic  syndrome.35  Chronic  inflammation,  with  marked  Type  I  inflammatory  infiltrates,  established  in 
obese  breast  tissue  lays  the  foundation  for  eventual  malignant  transformation.  Th2  cells  have  been  shown  to 
halt  and  even  reverse  the  abnormal  Type  I  inflammation  of  obesity  in  mouse  models.  Mice  fed  with  a  high  fat 
diet  which  resulted  in  adipose  inflammation  were  treated  with  adoptive  transfer  of  Th2  secreting  IL-4  and  IL- 
13.36  The  infused  Th2  reversed  the  weight  gain  and  resolved  insulin  resistance  in  treated  mice  compared  to 
untreated  controls.  We  hypothesize  that  a  vaccine  targeting  immunogenic  proteins,  up-regulated  in  adipocytes 
at  the  start  of  inflammatory  obesity,  designed  to  elicit  Th2  cells  could  directly  impact  the  tissues  where  Type  I 
inflammation  was  occurring.  Data  generated  from  this  fellowship  has  identified  potential  Th2-inducing  epitopes 
in  IGF-IR.  Such  a  vaccine  could  be  given  to  overweight  women  to  prevent  the  development  of  breast  cancer. 
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APPENDICES 


Table  2:  Summary  of  acute  serum  chemistries  for  all  groups  (median  and  range). 


Parameter  (units) 

CFA/IFA 

range 

IGF-IR  peptides 

range 

Control 

(untreated) 

range 

Glucose  (mg/dl) 

180 

55-243 

75 

52-173 

78 

59-103 

BUN  (mg/dl) 

28 

26-28 

29 

24-31 

26 

20-30 

Creatinine  (mg/dl) 

0.2 

0.2-0. 3 

0.2 

0.2-0. 2 

0.2 

0.2-0. 2 

Sodium  (meg/dl) 

150 

147-153 

151 

149-151 

152 

151-154 

Potassium  (meg/dl) 

8.1 

7.4-9. 1 

8.6 

8. 3-9. 4 

8 

7. 7-9. 9 

Sodium/Potassium  Ratio 

19 

17-20 

18 

16-18 

19 

16-20 

Chloride  (meq/dl) 

108 

104-109 

106 

106-108 

106 

105-112 

Carbon  Dioxide  (meq/dl) 

24 

15-27 

23 

21-27 

26 

16-27 

Anion  Gap 

26 

25-34 

30 

37-31 

28 

27-36 

Calcium  (mg/dl) 

9.6 

9.3-10 

9.8 

9.6-10.2 

9.8 

9.7-10.8 

Phosphorus  (mg/dl) 

17.3 

15.4-19.2 

16.8 

14.9-17.4 

15.9 

14.4-17.1 

Osmolality 

314 

311-315 

312 

308-313 

310 

307-311 

Protein  (g/dl) 

4.5 

4.1  -4.9 

5.1 

4.6-5. 1 

5.1 

4. 8-5. 3 

Albumin  (g/dl) 

2.9 

2.7-3. 1 

3.2 

2. 8-3. 2 

3.3 

3-3.3 

Globulin  (g/dl) 

1.6 

1.4-1. 8 

2 

1. 8-2.2 

1.9 

1.8-2 

Albumin/Globulin  Ratio 

1.8 

1.6-1. 9 

1.6 

1.5-1. 7 

1.7 

1.7-1. 8 

Bilirubin  (mg/dl) 

0.2 

0.1 -0.2 

0.2 

0.1  -0.2 

0.2 

0.2-0. 2 

AlkPhos  (U/L) 

105 

82-123 

104 

92-122 

132 

114-155 

GGT  (U/L) 

0 

0-1 

0 

0 

1 

0-1 

ALT  (U/L) 

41 

33-62 

46 

43-50 

43 

41-62 

AST  (U/L) 

104 

83-222 

118 

98-155 

140 

93-207 

Cholesterol  (mg/dl) 

117 

106-124 

139 

123-157 

149 

139-152 

Table.3:  Summary  of  acute  CBC  for  all  groups  (median  and  range). 


Parameter  (units) 

CFA/IFA 

range 

IGF-IR  peptides 

range 

Control 

(untreated) 

range 

WBC  (K/ul) 

3.1 

0.8-10.8 

2.7 

1. 4-5.1 

4.4 

2. 8-6. 7 

RBC  (M/ul) 

8.72 

7.36-9.84 

9.68 

8.04-10.4 

9.52 

9.12-10.04 

HGB  (g/dl) 

12 

10.8-13.6 

14.6 

11.6-15.2 

14 

12.8-14.8 

HCT  (%) 

44 

42.4-49.6 

48.8 

40.4-51.2 

46.4 

43.2-48.4 

MCV  (fL) 

50.8 

49.4-52.5 

50 

49.8-50.5 

48.5 

47.4-49 

MCH  (pg) 

13.9 

13.5-15.2 

14.3 

13.5-15.1 

14.4 

13.6-14.8 

MCHC  (%) 

27.4 

26.4-30.7 

29.1 

26.8-29.9 

29.7 

29.7-30.8 

Platelet  Count  (K/ul) 

800 

350-984 

1148 

1016-1258 

716 

352-864 

Polys  (%) 

6 

4-14 

6 

3-18 

2 

1-5 

Lymph  (%) 

91 

80-92 

92 

78-95 

94 

92-97 

Monos  (%) 

3 

1-4 

2 

1-4 

1 

1-4 

Eos  (%) 

2 

0-4 

0 

0-1 

1 

0-2 

Baso  (%) 

0 

0 

0 

0 

0 

0 

Table  4:  Summary  of  chronic  serum  chemistries  for  all  groups  (median  and  range). 


Parameter  (units) 

CFA/IFA 

range 

IGF-IR  peptides 

range 

Control 

(untreated) 

range 

Glucose  (mg/dl) 

151 

42-214 

122 

69-233 

153 

51-195 

BUN  (mg/dl) 

28 

27-33 

28 

26-31 

28 

25-29 

Creatinine  (mg/dl) 

0.2 

0.2-0. 3 

0.3 

0.2-0. 3 

0.3 

0.2-0. 3 

Sodium  (meq/dl) 

152 

149-153 

152 

149-153 

150 

149-155 

Potassium  (meq/dl) 

8.1 

7. 7-9. 6 

9.3 

7.7-10 

8.6 

8. 5-9. 9 

Sodium/Potassium  Ratio 

19 

18-20 

16 

15-19 

18 

15-19 

Chloride  (meq/dl) 

108 

106-110 

108 

105-109 

106 

105-108 

Carbon  Dioxide  (meq/dl) 

20 

17-23 

18 

10-23 

16 

13-24 

Anion  Gap 

34 

29-34 

34 

32-43 

34 

29-43 

Calcium  (mg/dl) 

9.8 

9. 1-9. 8 

10.3 

9.6-11.1 

9.5 

9.3-10.2 

Phosphorus  (mg/dl) 

19.6 

18.2-20.1 

21.2 

20.8-22.4 

16.7 

15.7-19.8 

Osmolality 

316 

311-321 

315 

315-318 

313 

310-319 

14 


Protein  (g/dl) 

4.7 

4. 7-5. 5 

4.9 

4. 6-5. 4 

5.2 

4. 7-5. 4 

Albumin  (g/dl) 

2.7 

2.6-3. 1 

2.9 

2.6-3. 1 

3 

2.8-3. 1 

Globulin  (g/dl) 

2 

1. 7-2.4 

2.2 

2-2.4 

2.1 

1. 9-2.3 

Albumin/Globulin  Ratio 

1.4 

1.3-1. 5 

1.3 

1.2-1. 5 

1.5 

1.3-1. 5 

Bilirubin  (mg/dl) 

0.1 

0.1  -0.2 

0.1 

0.1 

0.1 

0.1 

AlkPhos  (U/L) 

82 

78-98 

102 

94-114 

105 

94-116 

GGT  (U/L) 

0 

0 

0 

0 

0 

0 

ALT  (U/L) 

51 

29-51 

50 

36-54 

58 

371-65 

AST  (U/L) 

98 

81-137 

109 

90-278 

121 

87-243 

Cholesterol  (mg/dl) 

111 

96-153 

122 

117-142 

129 

109-139 

Table.5:  Summary  of  chronic  CBC  for  all  groups  (median  and  range). 


Parameter  (units) 

CFA/IFA 

range 

IGF-IR  peptides 

range 

Control 

(untreated) 

range 

WBC  (K/ul) 

2.1 

1. 8-3.8 

1.8 

1. 1-2.1 

2.2 

1. 3-6.7 

RBC  (M/ul) 

8.2 

3. 6-8. 8 

8.74 

7.76-9.92 

8.44 

7.12-9.44 

HGB  (g/dl) 

12.4 

11.6-13.2 

13.2 

11.6-15.2 

12.8 

12.4-14.4 

HCT  (%) 

42 

38-43.6 

42.4 

38.8-51.3 

42.4 

41.2-46.8 

MCV  (fL) 

48.7 

47.7-50.4 

48.6 

48.2-52.1 

49 

47.7-49 

MCH  (pg) 

14.5 

14.2-15.2 

14.9 

14.5-15.4 

15.1 

14.8-15.1 

MCHC  (%) 

30 

28.8-30.7 

30 

29-31.6 

30.7 

30.2-31.6 

Platelet  Count  (K/ul) 

772 

408-800 

676 

416-818 

552 

256-808 

Polys  (%) 

5 

2-6 

5 

2-9 

3 

2-15 

Lymph  (%) 

94 

93-97 

94 

90-97 

97 

84-97 

Monos  (%) 

1 

0-2 

1 

0-1 

0 

0-1 

Eos  (%) 

0 

0-2 

0 

0-1 

0 

0-1 

Baso  (%) 

0 

0 

0 

0 

0 

0 

Table  6.  Pathology  of  CFA  vaccinated  mice  (acute). 


Organ 

Mouse  1 

Mouse  2 

Mouse  3 

Mouse  4 

Mouse  5 

Bone  Marrow 

mild  granulocytic 
hyperplasia 

mild  granulocytic 
hyperplasia 

mild  granulocytic 
hyperplasia 

mild  granulocytic 
hyperplasia 

mild  granulocytic 
hyperplasia 

Muscle 

NSL 

NSL 

NSL 

NSL 

NSL 

Brain 

NSL 

NSL 

NSL 

NSL 

NSL 

Lung 

NSL 

NSL 

Moderate 
coalescing 
histiocytic 
pneumonia  with 
hemorrhage  and 
acidophilic 
macrophages,  some 
foamy 

macrophages, 

chronic. 

NSL 

NSL 

Heart 

NSL 

NSL 

minimal  right 
ventricular  dilation 

NSL 

NSL 

Thymus 

N/A 

NSL 

NSL 

NSL 

NSL 

Liver 

mild  MF  random  MG 
and  EMH 

mild  MF  random  MG 
and  EMH 

mild  MF  random  MG 
and  EMH 

mild  MF  random  MG 
and  EMH,  focal 
acute  cogaulative 
necrosis 

mild  MF  random  MG 
and  EMH 

Kidney 

tubular 

hypertrophy/hyperpla 
sia  MF  mild 

tubular 

hypertrophy/hyperpl 
asia  MF  mild 

focal  mild  cortical 
cyst 

tubular 

hypertrophy/hyperpl 
asia  MF  mild 

NSL 

Pancreas 

NSL 

NSL 

NSL 

NSL 

NSL 

Spleen 

NSL 

NSL 

NSL 

moderate 

lymphocytic 

hyperplasia 

moderate 

lymphocytic 

hyperplasia 

Adrenal 

NSL 

NSL 

NSL 

NSL 

NSL 

Ovary 

NSL 

NSL 

NSL 

NSL 

NSL 

Uterus 

NSL 

NSL 

NSL 

NSL 

NSL 

15 


Lymph  node 

Mild  hyperplasia  and 
moderate 
granulomatous 
perinodal  cellulitis 

mild  hyperplasia 

mild  hyperplasia  and 
granulomatous 
lymphadenitis  with 
free  lipid 

NSL 

Mild  hyperplasia  and 
moderate 
granulomatous 
perinodal  cellulitis 
and  steatosis, 
chronic. 

Salivary  glands 

NSL 

NSL 

NSL 

NSL 

NSL 

Comment 

There  is  no  evidence 
of  any  test-related 
lesions  in  any  of  the 
tissues  examined 

There  is  no 
evidence  of  any 
test-related  lesions 
in  any  of  the  tissues 
examined 

There  is  no 
evidence  of  any 
test-related  lesions 
in  any  of  the  tissues 
examined 

There  is  no 
evidence  of  any 
test-related  lesions 
in  any  of  the  tissues 
examined 

There  is  no 
evidence  of  any 
test-related  lesions 
in  any  of  the  tissues 
examined 

NSL:  no  significant  lesion 

MF:  multifocal 

MG:  microgranuloma 

EMH:  extramedullary  hematopoiesis 

Table  7.  Pathology  of  IGF-IR  vaccinated  mice  (acute). 


Organ 

Mouse  11 

Mouse  12 

Mouse  13 

Mouse  14 

Mouse  15 

Bone  Marrow 

mild  granulocytic 
hyperplasia 

mild  granulocytic 
hyperplasia 

mild  granulocytic 
hyperplasia 

mild  granulocytic 
hyperplasia 

mild  granulocytic 
hyperplasia 

Muscle 

NSL 

NSL 

NSL 

NSL 

NSL 

Brain 

NSL 

NSL 

NSL 

NSL 

NSL 

Lung 

NSL 

NSL 

NSL 

NSL 

minimal  multifocal 
histiocytic  lesser 
neutrophilic 
perivascular  and 
interstitial 
accumulations 

Heart 

mild  focal  acute 

myocardial 

hemorrhage 

NSL 

NSL 

NSL 

NSL 

Thymus 

NSL 

NSL 

NSL 

NSL 

NSL 

Liver 

mild  MF  random  MG 
and  EMH 

NSL 

mild  MF  random  MG 
and  EMH 

mild  MF  random  MG 
and  EMH 

mild  MF  random  MG 
and  EMH 

Kidney 

minimal  tubular 
hyperplasia 

NSL 

NSL 

NSL 

mild  multifocal 
tubular  hyperplasia 

Pancreas 

NSL 

NSL 

NSL 

NSL 

NSL 

Spleen 

mild  lymphocytic 
hyperplasia 

mild  lymphocytic 
hyperplasia 

moderate 

lymphocytic 

hyperplasia 

moderate 

lymphocytic 

hyperplasia 

moderate 

lymphocytic 

hyperplasia 

Adrenal 

NSL 

NSL 

NSL 

NSL 

NSL 

Ovary 

NSL 

NSL 

NSL 

NSL 

NSL 

Uterus 

NSL 

NSL 

NSL 

NSL 

NSL 

Lymph  node 

marked  perinodal  (?) 
granulomatous  and 
fibrosing  celluitis  and 
steatits  with  multifocal 
microabcesses 

minimal  sinusoidal 
histiocytosis  with 
lipid 

mild  perinodal 
granulomatous  and 
fibrosing  celluitis 
and  steatits  with 
multifocal 
microabcesses 

minimal  perinodal 
granulomatous  and 
fibrosing  celluitis 
and  steatits  with 
multifocal 
microabcesses 

moderate 
hyperplasia  and 
granulomatous 
lymphadenitis  with 
free  lipid 

Salivary  glands 

draining  hemorrhage, 
mild 

NSL 

NSL 

NSL 

NSL 

Comment 

There  is  no  evidence 
of  any  test-related 
lesions  in  any  of  the 
tissues  examined 

There  is  no 
evidence  of  any 
test-related  lesions 
in  any  of  the  tissues 
examined 

There  is  no 
evidence  of  any 
test-related  lesions 
in  any  of  the  tissues 
examined 

There  is  no 
evidence  of  any 
test-related  lesions 
in  any  of  the  tissues 
examined 

There  is  no 
evidence  of  any  test- 
related  lesions  in 
any  of  the  tissues 
examined 

NSL:  no  significant  lesion 

MF:  multifocal 

MG:  microgranuloma 

EMH:  extramedullary  hematopoiesis 
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Table  8.  Pathology  of  untreated  mice  (acute). 


Organ 

Mouse  21 

Mouse  22 

Mouse  23 

Mouse  24 

Mouse  25 

Bone  Marrow 

mild  granulocytic 
hyperplasia 

mild  granulocytic 
hyperplasia 

mild  granulocytic 
hyperplasia 

mild  granulocytic 
hyperplasia 

mild  granulocytic 
hyperplasia 

Muscle 

NSL 

NSL 

NSL 

NSL 

NSL 

Brain 

NSL 

NSL 

NSL 

NSL 

NSL 

Lung 

NSL 

NSL 

NSL 

NSL 

NSL 

Heart 

NSL 

NSL 

NSL 

NSL 

NSL 

Thymus 

NSL 

NSL 

NSL 

NSL 

NSL 

Liver 

mild  MF  random  MG 
and  EMH 

mild  MF  random  MG 
and  EMH 

mild  MF  random  MG 
and  EMH 

mild  MF  random  MG 
and  EMH 

NSL 

Kidney 

mild  multifocal  tubular 
hyperplasia 

mild  multifocal 
tubular  hyperplasia 

NSL 

NSL 

NSL 

Pancreas 

NSL 

NSL 

NSL 

NSL 

NSL 

Spleen 

mild  lymphocytic 
hyperplasia 

mild  lymphocytic 
hyperplasia 

moderate 

lymphocytic 

hyperplasia 

moderate 

lymphocytic 

hyperplasia 

moderate 

lymphocytic 

hyperplasia 

Adrenal 

NSL 

NSL 

NSL 

NSL 

NSL 

Ovary 

NSL 

NSL 

NSL 

NSL 

NSL 

Uterus 

NSL 

NSL 

NSL 

NSL 

NSL 

Lymph  node 

moderate  hyperplasia 
and  granulomatous 
lymphadenitis  with 
free  lipid 

mild  chronic  draining 
hemorrhage 

NSL 

NSL 

NSL 

Salivary  glands 

NSL 

NSL 

NSL 

NSL 

NSL 

Comment 

There  is  no  evidence 
of  any  test-related 
lesions  in  any  of  the 
tissues  examined 

There  is  no 
evidence  of  any 
test-related  lesions 
in  any  of  the  tissues 
examined 

There  is  no 
evidence  of  any 
test-related  lesions 
in  any  of  the  tissues 
examined 

There  is  no 
evidence  of  any 
test-related  lesions 
in  any  of  the  tissues 
examined 

There  is  no 
evidence  of  any  test- 
related  lesions  in 
any  of  the  tissues 
examined 

NSL:  no  significant  lesion 

MF:  multifocal 

MG:  microgranuloma 

EMH:  extramedullary  hematopoiesis 


Table  9.  Pathology  of  CFA  vaccinated  mice  (chronic). 


Organ 

Mouse  6 

Mouse  7 

Mouse  8 

Mouse  9 

Mouse  10 

Bone  Marrow 

mild  granulocytic 
hyperplasia 

mild  granulocytic 
hyperplasia 

mild  granulocytic 
hyperplasia 

mild  granulocytic 
hyperplasia 

mild  granulocytic 
hyperplasia 

Muscle 

NSL 

NSL 

NSL 

NSL 

NSL 

Brain 

NSL 

NSL 

NSL 

NSL 

NSL 

Lung 

NSL 

NSL 

MF  mild  PV 

lymphoid 

aggregates 

NSL 

NSL 

Heart 

NSL 

NSL 

NSL 

NSL 

NSL 

Liver 

minimal  random  MG 
and  EMH 

minimal  random  MG 
and  EMH 

mild  random  MG 
and  EMH 

mild  random  MG 
and  EMH 

minimal  random  MG 
and  EMH 

Kidney 

NSL 

mild  focal  tubular 
hypertrophy 

NSL 

NSL 

mild  MF  tubular 
hyperplasia 

Pancreas 

NSL 

NSL 

NSL 

NSL 

Spleen 

mild  lymphocytic 
hyperplasia 

mild  lymphocytic 
hyperplasia 

Moderate 
lymphocytic 
hyperplasia  and 
extramedullary 
hematopoiesis 

mild  lymphocytic 
hyperplasia 

mild  lymphocytic 
hyperplasia 

Adrenal 

Mild  lipofuscinoisis 
and  X-zone 
vacuolation 

NSL 

Mild  lipofuscinoisis 
and  X-zone 
vacuolation 

NSL 

Mild  lipofuscinoisis 
and  X-zone 
vacuolation 

Thymus 

NSL 

NSL 

NSL 

NSL 

NSL 

Ovary 

NSL 

NSL 

NSL 

NSL 

NSL 
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Uterus 

NSL 

NSL 

NSL 

NSL 

NSL 

Lymph  node 

NSL 

mild  focally 
extensive  perinodal 
granulomatous  and 
necrotizing  steatitis 

moderate  diffuse 
granulomatous 
adenitis  with  free 
lipid 

moderate  diffuse 
granulomatous 
adenitis  with  free 
lipid 

moderate  diffuse 
granulomatous 
adenitis  with  free 
lipid  and  perinodal 

Salivary  gland 

NSL 

NSL 

NSL 

NSL 

NSL 

Comment 

There  is  no  evidence 
of  any  test-related 
lesions  in  any  of  the 
tissues  examined 

There  is  no 
evidence  of  any 
test-related  lesions 
in  any  of  the  tissues 
examined 

There  is  no 
evidence  of  any 
test-related  lesions 
in  any  of  the  tissues 
examined 

There  is  no 
evidence  of  any 
test-related  lesions 
in  any  of  the  tissues 
examined 

There  is  no 
evidence  of  any 
test-related  lesions 
in  any  of  the  tissues 
examined 

NSL:  no  significant  lesion 

MF:  multifocal 

MG:  microgranuloma 

EMH:  extramedullary  hematopoiesis 

PV:  perivascular 


Table  10.  Pathology  of  IGF-IR  vaccinated  mice  (chronic). 


Organ 

Mouse  16 

Mouse  17 

Mouse  18 

Mouse  19 

Mouse  20 

Bone  Marrow 

mild  granulocytic 
hyperplasia 

mild  granulocytic 
hyperplasia 

mild  hyperplasia 

mild  hyperplasia 

mild  hyperplasia 

Muscle 

NSL 

NSL 

NSL 

NSL 

NSL 

Brain 

NSL 

NSL 

NSL 

NSL 

NSL 

Lung 

minimal  mf  pv 

lymphoid 

accumulations 

minimal  mf  pv 

lymphoid 

accumulations 

NSL 

NSL 

Heart 

NSL 

NSL 

NSL 

NSL 

NSL 

Liver 

mild  random  MG  and 
EMH 

minimal  random  MG 
and  EMH 

minimal  random  MG 
and  EMH 

minimal  random  MG 
and  EMH 

minimal  random  MG 
and  EMH 

Kidney 

NSL 

NSL 

NSL 

NSL 

NSL 

Pancreas 

NSL 

NSL 

NSL 

NSL 

NSL 

Spleen 

mild  lymphocytic 
hyperplasia 

mild  lymphocytic 
hyperplasia  and  red 
pulp  hemosiderin 
accumulation 

mild  lymphocytic 
hyperplasia  and  red 
pulp  hemosiderin 
accumulation 

mild  lymphocytic 
hyperplasia 

mild  lymphocytic 
hyperplasia 

Adrenal 

NSL 

incidental,  age 
associated  lesion 

Mild  lipofuscinoisis 
and  X-zone 
vacuolation 

Mild  lipofuscinoisis 
and  X-zone 
vacuolation 

NSL 

Thymus 

NSL 

NSL 

NSL 

NSL 

NSL 

Ovary 

NSL 

NSL 

NSL 

NSL 

NSL 

Uterus 

NSL 

NSL 

NSL 

NSL 

NSL 

Lymph  node 

mild  granulomatous 
adenitis 

moderate 

granulomatous 

adenitis 

moderate 

granulomatous 

adenitis 

N/A 

moderate 

granulomatous 

adenitis 

Salivary  gland 

NSL 

NSL 

NSL 

NSL 

NSL 

Comment 

There  is  no  evidence 
of  any  test-related 
lesions  in  any  of  the 
tissues  examined 

There  is  no 
evidence  of  any 
test-related  lesions 
in  any  of  the  tissues 
examined 

There  is  no 
evidence  of  any 
test-related  lesions 
in  any  of  the  tissues 
examined 

There  is  no 
evidence  of  any 
test-related  lesions 
in  any  of  the  tissues 
examined 

There  is  no 
evidence  of  any 
test-related  lesions 
in  any  of  the  tissues 
examined 

NSL:  no  significant  lesion 

MF:  multifocal 

MG:  microgranuloma 

EMH:  extramedullary  hematopoiesis 

PV:  perivascular 
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Table  1 1 .  Pathology  of  untreated  mice  (chronic). 


Organ 

Mouse  26 

Mouse  27 

Mouse  28 

Mouse  29 

Mouse  30 

Bone  Marrow 

mild  hyperplasia 

Mild  hyperplasia 

mild  hyperplasia 

mild  hyperplasia 

mild  hyperplasia 

Muscle 

NSL 

NSL 

NSL 

NSL 

NSL 

Brain 

NSL 

NSL 

NSL 

NSL 

NSL 

Lung 

NSL 

NSL 

NSL 

NSL 

NSL 

Heart 

NSL 

NSL 

NSL 

NSL 

NSL 

Liver 

minimal  random  MG 
and  EMH 

moderate  random 

MG  and  EMH 

moderate  random 

MG  and  EMH 

minimal  random  MG 
and  EMH 

mild  hyperplasia 

Kidney 

NSL 

NSL 

minimal  focal  tubular 
hyperplasia 

mild  multifocal 
tubular  hyperplasia 

mild  multifocal 
tubular  hyperplasia 

Pancreas 

NSL 

NSL 

NSL 

NSL 

NSL 

Spleen 

mild  red  pulp 
hemosiderin 

NSL 

NSL 

mild  lymphocytic 
hyperplasia 

NSL 

Adrenal 

Mild  lipofuscinoisis 
and  X-zone 
vacuolation 

mild  subcapsular 
spindle  cell 
hyperplasia 

Mild  lipofuscinoisis 
and  X-zone 
vacuolation 

NSL 

NSL 

Thymus 

NSL 

NSL 

NSL 

NSL 

NSL 

Ovary 

NSL 

NSL 

NSL 

NSL 

NSL 

Uterus 

NSL 

NSL 

NSL 

NSL 

NSL 

Lymph  node 

NSL 

NSL 

NSL 

NSL 

NSL 

Salivary  gland 

NSL 

NSL 

NSL 

NSL 

NSL 

Comment 

There  is  no  evidence 

There  is  no 

There  is  no 

There  is  no 

There  is  no 

of  any  test-related 

evidence  of  any 

evidence  of  any 

evidence  of  any 

evidence  of  any 

lesions  in  any  of  the 

test-related  lesions 

test-related  lesions 

test-related  lesions 

test-related  lesions 

tissues  examined 

in  any  of  the  tissues 
examined 

in  any  of  the  tissues 
examined 

in  any  of  the  tissues 
examined 

in  any  of  the  tissues 
examined 

NSL:  no  significant  lesion 

MF:  multifocal 

MG:  microgranuloma 

EMH:  extramedullary  hematopoiesis 


Abstracts: 


The  insulin-like  growth  factor  (IGF)  pathway  plays  an  important  role  in  breast  cancer  growth  and  metastasis. 
The  IGF-I  receptor  (IGF-IR)  is  overexpressed  in  almost  50%  of  triple  negative  breast  cancers  (TNBC),  defined 
as  estrogen  (ER)  and  progesterone  (PR)  receptor  and  HER-2/neu  receptor  (FIER2)  negative.  Thus, 
therapeutically  targeting  tumor  cells  which  have  upregulated  IGF-IR  may  be  a  promising  approach  to  treat 
TNBC.  We  have  determined  that  IGF-IR  is  immunogenic  in  breast  cancer  and  is  a  potential  target  for  active 
immunization.  Our  aim  is  to  develop  vaccines  that  will  elicit  Thl  immunity  to  IGF-IR.  Antigen  specific  Thl  can 
modulate  the  tumor  microenvironment  to  enhance  cross  priming,  supporting  the  proliferation  of  cytotoxic  T 
cells  which  are  capable  of  eradicating  breast  cancer  cells.  Since  it  has  been  demonstrated  that  natural 
immunogenic  human  epitopes  can  be  predicted  by  high  binding  affinity  across  multiple  class  II  alleles,  we  used 
a  combined  scoring  system  from  five  algorithms  for  predicting  class  II  binding  to  determine  Th  epitopes  of  IGF- 
IR  and  identified  20  potentially  immunogenic  peptides.  We  observed  that  95%  of  the  peptides  predicted 
induced  a  Thl  immune  response  as  measured  by  IFN-gamma  ELISPOT  in  human  PBMC.  Flowever,  IGF-IR  is 
a  “self”  tumor  antigen,  thus,  Th  epitopes  could  potentially  elicit  either  an  inflammatory  Thl  or 
immunosuppressive  Th2  response,  characterized  by  secretion  of  cytokines  such  as  IL-10.  To  determine  the 
propensity  of  a  peptide  to  induce  a  Thl  or  Th2  response,  we  created  a  ratio  of  IFN-gamma  to  IL-10  that 
analyzed  both  the  magnitude  and  frequency  of  ELISPOT  responses  for  each  peptide.  We  demonstrated  that 
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60%  of  the  peptides  show  a  preference  to  secrete  IFN-gamma  over  IL-10  and  those  peptides  were  located 
primarily  in  the  C-terminal  intracellular  portion  of  the  protein.  Thus,  this  area  would  likely  be  ideal  for  a  multi¬ 
epitope  vaccine.  Vaccination  with  peptides  pi  166-1 181,  pi 21 2-1 227,  pi  301 -131 6,  1307-1322  and  pi  31 1  - 
1326  in  C3T(ag)  mice  demonstrated  a  robust  Thl  response  and  concomitant  inhibition  of  tumor  growth  by  85% 
compared  to  adjuvant  only  control  animals.  These  data  suggest  that  more  effective  peptide-based  vaccines 
can  be  designed  when  both  Thl  epitopes  and  immunosuppressive  epitopes  are  screened  simultaneously  and 
epitopes  that  are  most  likely  to  induce  robust  Thl  responses  in  the  majority  of  individuals  can  be  identified  and 
included  as  vaccine  components. 

Tamoxifen  is  a  standard  treatment  for  estrogen  receptor  (ER)-positive  breast  cancer  patients.  However, 
acquired  or  de  novo  resistance  to  therapy  is  a  major  clinical  problem.  In  hormone-resistant  tumors,  there  is 
increased  activation  of  insulin-like  growth  factor-1  receptor  (IGF-IFt)  and  subsequent  downstream  signaling 
molecules,  such  as  AKT.  We  have  determined  that  IGF-IR  is  immunogenic  in  breast  cancer  and  is  a  potential 
target  for  active  immunization.  It  has  been  demonstrated  that  natural  immunogenic  human  epitopes  can  be 
predicted  by  high  binding  affinity  across  multiple  class  II  alleles,  thus,  we  used  a  combined  scoring  system 
from  five  algorithms  for  predicting  class  II  binding  to  determine  Th  epitopes  of  IGF-IR.  Of  the  20  potentially 
immunogenic  peptides  identified,  five  peptides  (pi  1 66-1 1 81 ,  pi  21 2-1 227,  pi  301  -1 31 6,  1 307-1322  and  pi  31 1  - 
1326)  in  the  C-terminal  domain  were  determined  to  elicit  a  predominantly  inflammatory  Thl  response 
compared  to  an  immunosuppressive  Th2  response  in  human  PBMC.  Overexpression  of  AKT  induces 
tamoxifen  resistance,  while  inhibition  restores  tamoxifen  sensitivity.  The  tumor  suppressor,  PTEN,  actively 
inhibits  AKT.  Data  we  have  generated  demonstrated  that  vaccination  restored  PTEN  activity  in  tumor  cells.  We 
questioned  if  modulation  of  PTEN  could  render  tumors  in  the  anti-estrogen-resistant  MMTV-neu  mouse  model 
sensitive  to  tamoxifen  therapy.  Vaccination  demonstrated  a  robust  Thl  response  (p<0.001)  and  concomitant 
inhibition  of  tumor  growth  by  85%  compared  to  adjuvant  only  control  animals  (p<0.001).  Treatment  with 
tamoxifen  in  vaccinated  tumor-bearing  mice  resulted  in  a  further  38%  reduction  in  growth  (p=0.02).  Thus, 
active  immunization  targeting  IGF-IR  may  induce  both  immunologic  and  biologic  effects  resulting  in  the 
sensitization  of  the  tumor  to  tamoxifen  therapy. 
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Abstract  Numerous  lines  of  evidence  demonstrate  that 
breast  cancer  is  immunogenic;  yet,  there  are  few  biologically 
relevant  immune  targets  under  investigation  restricting  the 
exploration  of  vaccines  to  limited  breast  cancer  subtypes. 
Insulin-like  growth  factor-I  receptor  (IGF-IR)  is  a  promising 
vaccine  candidate  since  it  is  overexpressed  in  most  breast 
cancer  subtypes,  is  part  of  a  dominant  cancer  growth  path¬ 
way,  and  has  been  validated  as  a  therapeutic  target.  We 
questioned  whether  IGF-IR  was  immunogenic  in  cancer 
patients.  IGF-IR-specific  IgG  antibodies  were  significantly 
elevated  in  early- stage  breast  cancer  patients  at  the  time  of 
diagnosis  as  compared  to  volunteer  donors  ( p  =  0.04). 
Predicted  T-helper  epitopes,  derived  from  the  IGF-IR 
extracellular  and  transmembrane  domains,  elicited  a  signif¬ 
icantly  higher  incidence  of  Th2  immunity  in  breast  cancer 
patients  as  compared  to  controls  ( p  =  0.01).  Moreover,  the 
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magnitude  of  Th2  immunity  was  greater  in  breast  cancer 
patients  compared  to  controls  ( p  =  0.02).  In  contrast,  both 
breast  cancer  patients  and  volunteer  donors  demonstrated  a 
similar  incidence  of  Thl  immunity  to  IGF-IR  domains  with 
the  predominant  response  directed  against  epitopes  in  the 
intracellular  domain  of  the  protein.  As  the  incidence  of  IGF- 
IR  type  I  immunity  was  not  associated  with  a  breast  cancer 
diagnosis,  we  questioned  whether  other  factors  were  con¬ 
tributing  to  the  presence  of  IGF-IR-specific  T-cells  in  both 
populations.  While  age  was  not  associated  with  Thl  immu¬ 
nity,  we  observed  a  significantly  greater  magnitude  of  IGF- 
IR  IFN-y-secreting  T-cells  in  obese  subjects  as  compared  to 
overweight  ( p  <  0.001)  or  healthy-weight  ( p  =  0.006) 
subjects,  regardless  of  breast  cancer  diagnosis.  No  signifi¬ 
cant  difference  was  observed  for  Th2  incidence  or  magnitude 
when  stratified  by  age  ( p  =  0.174,/?  =  0.966,  respectively) 
or  body  mass  index  ( p  =  0.137,  p  =  0.174,  respectively). 
Our  data  demonstrate  that  IGF-IR  is  a  tumor  antigen  and 
IGF-IR-specific  Thl  immunity  may  be  associated  with 
obesity  rather  than  malignancy. 

Keywords  IGF-IR  •  Breast  cancer  antigen  •  Thl  •  Th2  • 
Obesity 

Introduction 

Breast  cancer  has  been  shown  to  be  immunogenic  and 
clinical  trials  of  cancer  vaccines  targeting  the  tumor  anti¬ 
gen  HER-2/neu  (HER2)  demonstrate  encouraging  clinical 
results  in  patients  with  both  advanced  and  early- stage 
breast  cancers  [1,  2].  However,  there  is  a  paucity  of  bio¬ 
logically  relevant  antigens  under  investigation  in  breast 
cancer,  and  further  immune  targets  need  to  be  identified  for 
additional  breast  cancer  subtypes. 
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The  development  of  a  therapeutic  immune  response 
through  active  immunization  requires  an  immune  target  that  is 
expressed  in  a  majority  of  breast  cancers.  Insulin-like  growth 
factor-I  receptor  (IGF-IR)  is  an  excellent  candidate  antigen  as 
it  is  found  upregulated  in  up  to  55  %  of  breast  cancers 
depending  on  subtype  [3].  Increased  IGF-IR  signaling  is 
associated  with  a  poor  prognosis.  In  a  study  of  over  400  breast 
cancer  patients,  the  overall  survival  at  15  years  was  signifi¬ 
cantly  increased  in  the  patients  whose  tumors  were  negative 
for  the  active  form  of  the  receptor  [4] .  Moreover,  inactivation 
of  IGF-IR  signaling  by  small  molecule  inhibitors  can  result  in 
a  50  %  growth  inhibition  in  murine  models  of  human  triple¬ 
negative  breast  tumor  grafts  [5] . 

We  questioned  whether  IGF-IR  was  immunogenic  in 
patients  with  breast  cancer  by  evaluating  for  the  presence 
of  IGF-IR-specific  IgG  antibodies.  As  the  presence  of 
antibodies  is  predictive  of  a  preexisting  T-cell  response  [6], 
we  further  mapped  the  phenotype  of  IGF-IR-specific  T-cell 
immunity  across  all  domains  of  the  growth  factor  receptor 
to  identify  class  II  epitopes  that  would  be  suitable  immu¬ 
nogens  for  the  development  of  a  vaccine  targeting  IGF-IR. 
Our  focus  on  defining  IGF-IR  CD4+  T-cell  epitopes  is 
based  on  investigations  demonstrating  that  T-cell  recogni¬ 
tion  of  cancer  occurs  via  cross-presentation  [7].  Vaccines 
that  can  elicit  Thl  antigen-specific  T-cells  have  the 
potential  for  activating  antigen-presenting  cells  in  the 
tumor  microenvironment  resulting  in  enhanced  cross¬ 
priming  and  the  development  of  epitope  spreading  to  a 
multitude  of  tumor  antigens  [2]. 

Materials  and  methods 

Human  subjects 

The  use  of  human  subjects  was  approved  by  the  University 
of  Washington  Human  Subjects  Division.  Volunteer  con¬ 
trol  serum  from  73  female  donors  was  collected  at  the 
Puget  Sound  Blood  Center,  Seattle,  WA  (median  age:  51, 
range  33-73  years).  Volunteer  controls  met  all  criteria  for 
blood  donation.  Serum  samples  from  94  breast  cancer 
patients  (100  %  Stage  I/II;  median  age  52,  range 
33-89  years)  were  obtained  from  individuals  who  con¬ 
sented  to  participate  in  the  FHCRC/UW  Breast  Specimen 
Repository  and  Registry,  Peggy  Porter,  MD,  PI  (IR  file 
#5306).  The  serum  was  collected  at  the  time  of  diagnosis 
and  prior  to  definitive  surgery.  Peripheral  blood  mononu¬ 
clear  cells  (PBMC)  from  19  female  volunteer  controls 
(median  age:  49,  range  18-79  years)  and  18  breast  cancer 
patients  (89  %  Stage  I/II,  11  %  Stage  III/IV;  median  age: 
53,  range  45-79  years)  were  collected  and  cryopreserved 
as  previously  described  [8].  All  breast  cancer  patients  had 
received  definitive  treatment  for  their  disease  at  the  time  of 


collection.  Data  were  available  to  calculate  Body  Mass 
Index  (BMI)  on  21  individuals. 

Analysis  of  antibody  immunity 

IgG  specific  for  IGF-IR  was  assessed  by  indirect  ELISA  as 
previously  described  with  the  modification  that  the  Imm- 
ulon  4HBX  microtiter  plates  (Dynex)  were  coated  over¬ 
night  with  200  ng/ml  human  recombinant  IGF-IR  protein 
(R&D  Systems)  in  carbonate  buffer  [9].  Developed  plates 
were  read  at  450  nm.  The  OD  was  calculated  as  the  OD  of 
the  protein-coated  wells  minus  the  OD  of  the  buffer-coated 
wells.  The  data  are  expressed  as  pg/ml  IGF-IR-specific 
IgG.  The  mean  and  2  standard  deviations  of  the  volunteer 
control  population  response,  0.09  pg/ ml,  defined  a  level 
above  which  a  sample  was  considered  positive.  Positive 
and  negative  samples  were  assessed  by  Western  blotting 
[10].  500  ng  of  recombinant  IGF-IR  protein  (R&D  Sys¬ 
tems)  was  separated  on  SDS-PAGE  gel  and  probed  with 
anti-IGF-IR  polyclonal  antibodies  (Santa  Cruz  Biotech¬ 
nology,  Inc.)  or  experimental  sera.  Specificity  and  sensi¬ 
tivity  of  ELISA  were  100  and  75  %,  respectively. 

Analysis  of  peptide  and  protein- specific  T-cell 
responses 

Twenty  IGF-IR  peptides,  (21  %  of  the  protein),  predicted  to 
promiscuously  bind  human  MHCII,  were  selected  using  web- 
based  algorithms  as  previously  described  [9].  The  peptides 
were  constructed  and  purified  by  high-performance  liquid 
chromatography  (>90  %  pure;  Genemed).  PBMCs  were 
evaluated  by  ELISPOT  for  antigen-specific  IFN-y  and  IL-10 
production.  For  the  IFN-y  ELISPOT,  cells  were  plated  at 
2  x  105  per  well  (96-well  plate)  in  medium  with  10  pg/ml  of 
the  various  IGF-IR  peptides  or  HIVpl7  (CPC  Scientific)  [1 1], 
PHA(1  pg/ml;  Sigma- Alrich),  CEF  (2.5  pg/ml;  AnaSpec),  or 
medium  alone  for  7  days  at  37  °C  in  5  %  C02.  On  day  5, 
recombinant  human  IL-2  (10  U/ml;  Hoffmann-La  Roche) 
was  added.  A  second  in  vitro  stimulation  (IVS)  was  performed 
on  day  8  by  adding  2  x  105  peptide-loaded  (same  concen¬ 
trations  as  listed  above)  autologous  irradiated  (3000  rads) 
human  PBMCs  to  the  original  culture  and  incubating  for  24  h. 
96-well  nitrocellulose  plates  (Millipore)  were  coated  with 
10  pg/ml  anti-human  IFN-y  (clone  1-D1K;  Mabtech).  The 
washed  nitrocellulose  plates  were  blocked  with  2  %  bovine 
serum  albumin  in  DPBS  followed  by  24h  incubation  with  the 
PBMC  culture.  After  extensive  washing,  0.1  pg/ml  biotinyl¬ 
ated  anti-human  IFN-y  (clone  7-B6-1;  MabTech)  was  added 
for  2  h.  For  the  IL-10  ELISPOT  [12],  an  anti-human  IL-10- 
coated  (2  pg/ml;  BD  Biosciences)  nitrocellulose  96- well  plate 
was  blocked  as  described  above.  PBMC  concentration  and 
peptide  stimulations  were  as  described  above,  except  that 
PHA  was  used  at  20  pg/ml.  After  extensive  washing,  4  pg/ml 
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biotinylated  anti-human  IL-10  (BD  Biosciences)  was  added 
for  2  h. 

Both  ELISPOT  assays  were  developed  as  previously 
described  [9].  Positive  responses  were  defined  by  a  statis¬ 
tically  significant  difference  (p  <  0.05)  between  the  mean 
number  of  spots  from  five  replicates  in  the  experimental 
wells  and  the  mean  number  from  no  antigen  control  wells. 
Data  are  reported  as  the  mean  number  of  spots  for  each 
experimental  antigen  minus  the  mean  number  of  spots 
detected  in  no  antigen  control  wells  zb  SEM  (corrected 
spots  per  well:  CSPW)  or  as  mean  number  of  spots. 

T-cell  lines  were  generated  from  volunteer  controls  dem¬ 
onstrating  significant  responses  to  the  selected  epitopes. 
PBMCs  were  thawed,  washed,  resuspended  at  3  x  106/ml, 
and  stimulated  with  10  pg/ml  of  the  various  IGF-IR  peptides. 
The  T-cells  were  subjected  to  a  second  IVS  on  day  8  and  a 
third  IVS  on  day  16  by  adding  equivalent  numbers  of  peptide- 
loaded  (10  pg/ml)  autologous  irradiated  (3000  rads)  PBMCs 
to  the  original  culture.  Recombinant  human  IL-12  (10  ng/ml; 
R&D  Systems)  and  recombinant  human  IL-2  (10  U/ml)  were 
added  on  day  5  and  day  12,  and  IL-2  was  added  alone  on  days 
20,  22,  and  24.  IFN-y  ELISPOT  was  performed  stimulated 
with  10  pg/ml  of  the  original  IGF-IR  peptides  or  cos-1  cell 
lysates  transfected  with  human  IGF-IR  (IGF-IR)  or  vector 
alone  (mock)  (1  pg/ml),  PHA(1  pg/ml),  HIVpl7  (10  pg/ml), 
or  medium  alone  (No  Ag).  Cos-1  cells  were  transfected  with 
pcDNA-3-hIGF-IR  or  pcDNA-3  alone  (mock)  using  Polyfect 
reagent  (Qiagen).  IGF-IR  expression  was  confirmed  by  a 
Western  blot  probing  with  anti-IGF-IR  polyclonal  antibodies 
(Santa  Cruz  Biotechnology,  Inc).  Cytokine  levels  were 
assessed  according  to  the  manufacturer’s  instructions  using 
the  appropriate  ELISA  (eBioscience)  on  medium  collected 
from  the  T-cell  lines  on  day  10.  Data  are  expressed  as  mean 
ng/ml  ±  SD  of  six  separate  donor  expansions. 

Flow  cytometry 

Receptor  expression  was  documented  in  the  expanded  T-cells 
by  adding  APC-conjugated  anti-human  CD4  (clone  OKT4, 
eBioscience)  or  PE-Cy7-conjugated  anti-human  CD3  (clone 
UCHT1,  eBioscience).  Intracellular  expression  of  FOXP3 
was  documented  after  permeabilization  and  fixation  with  the 
FOXP3  Buffer  Set  (Biolegend)  according  to  the  manufac¬ 
turer’s  instructions  and  staining  with  PE-conjugated  anti¬ 
human  FOXP3  (clone  236A/E7,  eBioscience)  and  anti-human 
CD4.  Flow  cytometry  was  performed  on  the  FACSCanto  and 
data  analyzed  using  Flow  Jo  software  (BD  Biosciences). 
Typically,  100,000  cells  were  collected  per  sample. 

Statistical  analysis 

The  unpaired,  two-tailed  Student’s  t  test  (with  Welch’s 
correction  when  variances  were  unequal)  or  Fisher’s  exact 


test  was  used  to  evaluate  differences.  A  p  value  of  <0.05 
was  considered  significant  (GraphPad  Software,  Prism 
v.5.04). 


Results 

IGF-IR  antibodies  are  significantly  elevated  in  breast 
cancer  patients  as  compared  to  volunteer  controls 

Elevated  levels  of  IGF-IR-specific  IgG  antibodies  were 
detected  in  significantly  more  breast  cancer  patient  sera 
(9  %,  mean,  0.028  pg/ ml;  range,  0-0.808  pg/ ml)  than 
volunteer  control  sera  (1  %,  mean,  0.006  pg/ml;  range 
0-0.364  pg/ml,  p  =  0.04)  (Fig.  la).  Antibody  responses 
were  confirmed  by  Western  Blot  for  ELISA  positive 
(Fig.  lb  II)  and  negative  donors  (Fig.  lb  III). 
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Fig.  1  IGF-IR  antibodies  are  significantly  elevated  in  breast  cancer 
patients  as  compared  to  volunteer  controls,  a  IGF-IR-specific  IgG 
(pg/ml)  (y-axis)  for  the  experimental  groups  (x-axis).  Mean  and  2 
stand  dev  of  volunteer  controls  (< dotted  line),  #p  <  0.05  between 
groups,  b  Western  blot  (7)  polyclonal  anti-IGF-IR  Ab  of  a  represen¬ 
tative  positive  (II)  and  negative  (III)  ELISA  sample.  Molecular 
weight  marker  (far  left).  kDa  of  IGF-IR  is  marked  at  160  kDa 
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IGF-IR  epitopes  derived  from  the  extracellular 
and  transmembrane  domains  of  the  protein  are  more 
likely  to  induce  a  higher  magnitude  Th2  response 
in  breast  cancer  patients  than  volunteer  controls 

Detection  of  antigen- specific  IgG  antibodies  has  been  shown 
to  predict  the  presence  of  antigen- specific  CD4+  T-cells  [9]. 
Th2  cells  secreting  IL-10  will  enhance  plasma  cell  function 
and  increase  Ig  production  [13,  14].  We  questioned  whether 
IGF-IR- specific  IL-10-secreting  T-cells  could  be  more 
readily  detected  in  breast  cancer  patient  PBMCs  as  compared 
to  volunteer  controls.  Twenty  putative  class  II  epitopes, 
derived  from  the  IGF-IR  protein  sequence,  were  evaluated 
(Suppl.  Table  1).  All  peptides  induced  significant  IL-10 
secretion  in  some  breast  cancer  patients  and  volunteer  control 
PBMCs  ( p  <  0.05  compared  to  HIVpl7)  (Suppl.  Fig.  1). 
Volunteer  control  donors  demonstrated  an  equivalent  inci¬ 
dence  of  response  to  epitopes  in  each  IGF-IR  domain 
(p  >  0.05)  (Fig.  2a).  Breast  cancer  patients,  however,  had  a 
higher  incidence  of  Th2  responses  to  epitopes  in  the  extra¬ 
cellular  (ECD)  (35  %,  p  =  0.01)  and  transmembrane 
domains  (TD)  of  the  protein  (53  %,p  <  0.001)  as  compared 
to  the  intracellular  domains  (ICD)  [3 1  %  kinase  domain  (KD) 
and  16  %  C-terminal  domain  (CTD)]  (Fig.  2a).  In  addition, 
breast  cancer  patients  demonstrated  a  higher  overall  inci¬ 
dence  of  Th2  response  to  ECD/TD  epitopes  (88  %)  than 
volunteer  controls  (56  %,p  =  0.01). 

The  breast  cancer  patients  were  also  more  likely  to  have 
a  higher  magnitude  Th2  response  to  the  ECD  and  TD  of 
IGF-IR  (mean,  13.1  CSPW;  p  =  0.03  and  mean,  26.3 
CSPW;  p  =  0.02,  respectively)  as  compared  to  ICD  [KD 
mean,  11.5  CSPW;  CTD  mean,  5.4  CSPW  (Fig.  2b)]. 
Furthermore,  the  breast  cancer  patients  demonstrated  an 
overall  greater  magnitude  of  Th2  to  TD  epitopes  than  the 
volunteer  controls  (p  =  0.02;  mean,  26.3  vs. 13.1  CSPW). 
This  difference  was  evident  even  though  mitogen-induced 
IL-10  secretion  was  decreased  in  the  breast  cancer  patients 


A 


IGF-IR  Domain 

Fig.  2  IGF-IR  epitopes  derived  from  the  extracellular  and  trans¬ 
membrane  domains  of  the  protein  are  more  likely  to  induce  a  higher 
magnitude  Th2  response  in  breast  cancer  patients  than  volunteer 
controls,  a  Mean  percent  IL-10  response  to  epitopes  in  the  extracel¬ 
lular  domain  (ECD),  transmembrane  domain  (TD),  kinase  domain 
(KD),  C-terminal  domain  (CTD),  and  PHA  for  volunteer  control 


as  compared  to  the  controls  (p  =  0.047)  (Fig.  2b,  Suppl. 
Fig.  le).  Similar  to  the  incidence  of  response,  the  magni¬ 
tude  of  the  IGF-IR-specific  Th2  responses  did  not  differ 
between  domains  for  the  volunteer  control  population 
(p  >  0.05  for  all). 

IGF-IR  epitopes  derived  from  the  C-terminal  domain 
induce  Thl  immunity  at  an  equivalent  incidence, 
but  with  a  greater  magnitude  of  response  in  volunteer 
controls  as  compared  to  breast  cancer  patients 

Thl,  especially  those  cells  secreting  IFN-y,  has  been  shown 
to  be  associated  with  an  anti-tumor  response  [9].  The  pres¬ 
ence  of  IGF-IR-specific  antibodies  and  a  predominant  Th2 
response  directed  against  IGF-IR  Th  epitopes  caused  us  to 
question  whether  IGF-IR-specific  Thl  could  even  be  detected 
in  the  peripheral  blood  of  breast  cancer  patients.  Th2  inhibits 
the  proliferation  of  Thl  [15].  All  but  one  IGF-IR  epitopes 
stimulated  significant  IFN-y  secretion  in  some  breast  cancer 
patients  and  volunteer  control  donor  PBMCs  ( p  <  0.05 
compared  to  HIVpl7)  (Suppl.  Fig.  2).  In  contrast  to  IGF-IR- 
specific  Th2  responses,  both  the  breast  cancer  patients  and 
volunteer  control  donors  had  a  similar  incidence  of  Thl 
immunity  to  each  of  the  protein  domains  (p  >  0.05).  More¬ 
over,  individuals  in  both  breast  cancer  (44  %,  p  =  0.03)  and 
volunteer  controls  (59  %,  p  <  0.001)  responded  at  a  greater 
incidence  to  epitopes  in  the  CTD  than  epitopes  in  the  ECD 
(breast  cancer,  29  %;  volunteer  control,  28  %). 

While  the  magnitude  of  the  IGF-IR-specific  Thl 
response  did  not  differ  between  domains  for  the  breast 
cancer  population  ( p  >  0.05  for  all),  volunteer  controls 
were  more  likely  to  have  higher  level  Thl  responses  to  the 
CTD  (mean,  25.4  CSPW)  as  compared  to  ECD  (mean  13.3 
CSPW;  p  =  0.01)  (Fig.  3b,  Suppl.  Fig.  2a, d).  Viral  (CEF)- 
specific  IFN-y  secretion  was  equivalent  in  both  populations 
{p  =  0.512)  (Fig.  3b,  Suppl.  Fig.  2e). 


(gray)  and  breast  cancer  (white)  PBMCs;  **p  <  0.01  compared  to  KD 
and  CTD.  b  Corrected  spots  per  well  (CSPW)  for  volunteer  control 
(gray)  and  breast  cancer  (white)  for  epitopes  in  each  domain 
presented  as  interquartile  box  plots  with  Tukey  whiskers.  Median 
CSPW  are  indicated  by  the  horizontal  bar,  <  0.01  or  **p  <  0.001 
compared  to  CTD;  #p  <  0.05  compared  to  cancer  mean  CSPW 
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IGF-IR  Domain 

Fig.  3  IGF-IR  epitopes  derived  from  the  C-terminal  domain  induce 
Thl  immunity  at  an  equivalent  incidence,  but  with  a  greater 
magnitude  response  in  volunteer  controls  as  compared  to  breast 
cancer  patients,  a  Mean  percent  IFN-y  response  to  epitopes  in  each 
domain  for  volunteer  control  (gray)  and  breast  cancer  (white)’, 

IGF-IR  epitope- specific  Th  responds  to  naturally 
processed  and  presented  IGF-IR  protein 

We  confirmed  whether  responding  sequences  were  native 
epitopes  of  IGF-IR  by  generating  T-cell  lines  using  two 
peptides  randomly  chosen  from  the  ECD  and  one  peptide 
each  from  the  TD,  KD,  and  CTD.  The  T-cell  lines  gener¬ 
ated  (mean,  98.4  %;  range  96.2-99  %  CD3+  cells)  were 
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Fig.  4  IGF-IR  epitope-specific  Th  responds  to  naturally  processed 
IGF-IR  protein,  a-c  IFN-y  ELISPOT  for  IGF-IR- specific  T-cell  lines. 
Antigens:  none,  HIVpl7,  cos-1  lysate  transfected  with  empty  pcDNA 
(mock)  (white),  IGF-IR  peptides;  a  p354,  b  p921,  c  pi 307  (black)  and 
cos-1  cell  lysate  transfected  with  pcDNA3  encoding  IGF-IR  (IGF-IR) 
(gray).  Data  are  expressed  as  mean  spots  per  well  (SPW)  d=  SD; 
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#p  <  0.05  or  **p  <  0.001  compared  to  ECD  or  KD.  b  CSPW  for 
volunteer  control  (gray)  and  breast  cancer  (white)  epitopes  in  each 
domain  presented  as  interquartile  box  plots  with  Tukey  whiskers. 
Median  CSPW  are  indicated  by  the  horizontal  bar,  *p  <  0.01 
compared  to  ECD  and  KD 

predominantly  CD4+  (mean,  67.8  %,  range  59.8-73.6  %), 
with  CD8+  (mean,  25.5  %;  range,  23.3-28.4  %)  and 
CD4“CD8"  (mean,  1.2  %;  range,  0.68-1.88  %)  cells.  The 
CD4+  T-cells  did  not  express  FOXP3  indicating  that  the 
IL-10  secretion  observed  was  via  Th2.  The  T-cells  were 
both  IGF-IR  peptide-  (all  p  <  0.05  compared  to  HIVpl7) 
and  IGF-IR  protein- specific  (all  p  <  0.05  compared  to 
mock  transfectants)  (Fig.  4a-c).  There  was  no  significant 
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TNFa  IFN7  IL-10  IL-4  IL-2 
Cytokines 

#p  <  0.05,  <  0.01.  d  Cytokine  secretion  from  IGF-IR- specific 

T-cell  lines  expanded  with  peptides  p354,  p545,  p921,  or  pl092 
presented  as  interquartile  box  plots  with  Tukey  whiskers.  Median  ng/ 
ml  is  indicated  by  the  horizontal  bar  from  six  independent  expan¬ 
sions;  **p  <  0.001  compared  to  TNFa  or  IL-10  secretion 
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difference  in  the  level  of  cytokine  secretion  induced  by  any 
antigen.  The  T-cells  secreted  Type  I  cytokines:  TNFoc 
(median,  0.89  ng/ml;  range,  0.15-2.2  ng/ml)  and  IFN-y 
(median,  61.8  ng/ml;  range,  37.2-97  ng/ml)  as  well  as  IL- 
10  (median,  0.62  ng/ml,  range,  0.12-2.02).  IFN-y  secretion 
was  significantly  greater  than  TNFa  ( p  <  0.001)  or  IL-10 
secretion  ( p  <  0.001)  (Fig.  4d).  Minimal  IL-2  (median, 
0.01  ng/ml;  range,  0-0.11)  and  IL-4  (median,  0;  range, 
0-0.003  ng/ml)  were  detected. 

IGF-IR- specific  Thl  is  found  at  a  greater  magnitude 
in  the  peripheral  blood  of  obese  as  compared 
to  healthy-weight  and  overweight  individuals 
regardless  of  a  breast  cancer  diagnosis 

IGF-IR  Th2  immunity  appeared  to  be  more  prevalent  and 
of  higher  magnitude  in  patients  with  breast  cancer  inferring 
the  immune  response  was  potentially  associated  with  the 
diagnosis  of  malignancy.  IGF-IR-specific  Thl  immunity 
had  no  such  association;  breast  cancer  patients  and  vol¬ 
unteer  controls  demonstrated  an  equivalent  incidence  of 
IGF-IR-specific  Thl  with  49  %  of  responses  (42  %  vol¬ 
unteer  control  and  56  %  breast  cancer)  at  the  level  of  a 
CEF  response  (Suppl.  Fig.  2).  For  this  reason,  we  explored 
additional  factors,  known  to  potentially  impact  immunity, 
as  a  potential  etiology  for  the  presence  of  detectable  IGF- 
IR-specific  Thl  in  both  populations. 

Studies  have  demonstrated  that  autoantibody  levels  and 
autoreactive  lymphocytes  increase  with  age  in  humans  and 
primates  [16-18];  however,  there  was  no  significant  dif¬ 
ference  in  the  incidence  (p  =  0.198)  or  magnitude 
( p  =  0.223)  (Fig.  5a)  of  IGF-IR-specific  Thl  between 
donors  below  the  median  age  of  42  years  compared  to 
those  donors  above  the  median  age.  Obesity  is  marked  by 


elevated  levels  of  circulating  CD4+  T-cells  secreting  IFN-y 
[19].  Moreover,  IGF-IR  has  been  shown  to  be  aberrantly 
expressed  in  obese  adipocytes  [20].  For  this  reason,  we 
explored  the  relationship  of  the  incidence  and  magnitude  of 
antigen- specific  Thl  with  BMI.  There  was  no  significant 
difference  in  the  incidence  of  IGF-IR  immunity  by  BMI 
( p  >  0.05  for  all  groups);  however,  we  observed  a  signifi¬ 
cantly  greater  magnitude  of  IGF-IR  IFN-y- secreting  T-cells 
in  obese  subjects  than  overweight  (p  <  0.001)  or  healthy- 
weight  (p  =  0.006)  subjects  regardless  of  a  breast  cancer 
diagnosis  (Fig.  5b).  No  significant  difference  was  observed 
in  IL-10  incidence  or  magnitude  when  stratified  by  age 
( p  =  0.174,  p  =  0.966,  respectively)  or  BMI  ( p  =  0.137, 
p  =  0.174,  respectively). 

Discussion 

Data  presented  here  demonstrate  that  IGF-IR  is  immuno¬ 
genic.  Patients  with  breast  cancer  have  detectable  anti¬ 
bodies  directed  against  IGF-IR.  PBMCs  from  both 
volunteer  controls  and  breast  cancer  patients  demonstrated 
evidence  of  IGF-IR-specific  T-cell  immunity.  In  breast 
cancer  patients,  Type  II  immunity  was  more  prevalent  and 
of  a  higher  magnitude  directed  against  the  ECD  than  the 
intracellular  portions  of  the  protein.  In  contrast,  both  vol¬ 
unteer  controls  and  breast  cancer  patients  had  measurable 
IGF-IR-specific  Thl  directed  against  the  ICD.  Of  note,  the 
magnitude  of  IGF-IR-specific  Thl  immunity  was  not 
associated  with  a  cancer  diagnosis,  but  rather  an  individ¬ 
ual’s  BMI. 

IGF-IR-specific  antibodies  were  found  in  breast  cancer 
patients.  It  is  known  that  protein  overexpression  in  breast 
cancer  is  directly  associated  with  increasing  levels  of 
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Fig.  5  Higher  levels  of  IGF-IR-specific  Thl  are  found  in  the 
peripheral  blood  of  obese  as  compared  to  healthy-weight  and 
overweight  individuals  regardless  of  a  breast  cancer  diagnosis, 
a  IFN-y  CSPW  for  all  positive  responses  according  to  median  age 
(42  years)  presented  as  interquartile  box  plots  with  Tukey  whiskers. 


Median  CSPW  are  indicated  by  the  horizontal  bar.  b  IFN-y  CSPW 
for  all  positive  responses  graphed  according  to  BMI.  BMI  <25  kg/m2 
(healthy  weight);  BMI  =  25.0-29.9  kg/m2  (overweight);  BMI 
>30.0  kg/m2  (obese).  <  0.01 
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endogenous  antigen- specific  antibody  immunity.  As  an 
example,  82  %  (18/22)  of  breast  cancer  patients  with  high 
HER2  expression  levels  exhibited  HER2-specific  antibod¬ 
ies,  whereas  antigen-specific  antibodies  were  not  detected 
in  any  patient  (0/22)  with  low  protein  expression  [21]. 
Upregulation  of  IGF-IR  expression  is  detected  in  nearly  all 
subtypes  of  breast  cancer,  thus  providing  a  source  for 
increased  IGF-IR- specific  B-cell  activation  in  patients  as 
compared  to  volunteer  controls  [3].  The  detection  of  an 
IGF-IR- specific  humoral  response  indicates  an  antigen- 
specific  cellular  response  as  cognate  T-cell  help  is  required 
for  immunoglobulin  class  switching  from  IgM  to  IgG  [22], 
T-cells,  particularly  Th2,  secrete  cytokines,  such  as  IF- 10 
which  drive  B-cell  clonal  expansion  and  antibody  pro¬ 
duction.  IF- 10  can  double  B-cell  proliferation  and  increase 
IgG  secretion  tenfold  in  previously  activated  B-cells  [13, 
14].  The  development  of  antigen-specific  Th2  in  breast 
cancer  patients  is  not  unexpected  since  accumulating  evi¬ 
dence  demonstrates  that  the  breast  tumor  microenviron¬ 
ment  is  dominated  by  immune  suppressive  factors, 
resulting  from  a  chronic  inflammatory  state  [23].  Elevated 
levels  of  tumor-infiltrating  Th2,  producing  high  levels  of 
IF-4  and  IF- 13,  are  found  in  breast  cancer  compared  to 
benign  tissue  [24-26].  Chronic  Th2  and  B-cell  activation 
can  potentiate  an  immune  suppressive  tumor  microenvi¬ 
ronment  through  cytokine  and  immunoglobulin  production, 
ultimately  resulting  in  inhibition  of  the  Thl-  and  CTF- 
mediated  anti-tumor  immune  response  [27,  28]. 

Th2  was  predominantly  directed  against  epitopes  in  the 
ECD/TD,  suggesting  that  these  sequences  may  be  more 
tolerogenic.  ECD  proteins  can  be  shed  from  the  cell  surface 
during  homeostatic  apoptosis  that  occurs  regularly  during 
development  and  aging  [29,  30].  This  exposure  may  result  in 
more  frequent  immune  presentation  of  extracellular  epitopes 
leading  to  tolerance.  Studies  in  animal  models  of  autoim¬ 
munity  have  shown  that  when  intact  apoptotic  cells  are 
injected,  antigen- specific  tolerance  occurs  [31].  In  contrast, 
inoculation  with  heat-denatured  cells  elicits  an  inflammatory 
immune  response  and  activation  of  Thl  [32].  The  heat- 
denatured  cells  release  their  intracellular  components  due  to 
rupture  of  the  plasma  membrane  [33].  The  intracellular 
proteins  may  be  less  frequently  presented,  reducing  the 
opportunity  to  stimulate  tolerance  [33].  This  notion  is  con¬ 
sistent  with  our  results  demonstrating  that  IGF-IR-specific 
Thl  was  predominantly  directed  against  epitopes  in  the  ICD. 

We  detected  a  similar  level  of  IGF-IR-specific  Thl  in 
volunteer  control  donors  and  breast  cancer  patients,  which 
has  been  reported  for  other  tumor  antigens  such  as  p53 
[34].  Studies  of  p53-specific  T-cells  demonstrated  that 
these  cells  were  of  a  memory  phenotype,  raising  the 
question  as  to  the  etiology  of  antigen  exposure  in  subjects 
unaffected  by  cancer.  Investigators  cited  the  ubiquitous 
role  of  p53  as  an  oncogene  in  many  cancers  and  suggested 


that  Type  I  p53  precursors  could  represent  a  previous  exposure 
to  cancer  and  successful  immune  surveillance.  In  our  study, 
we  first  considered  age  as  an  explanation  for  the  elevated  IGF- 
IR-specific  Thl.  Increased  levels  of  inflammatory  cytokines 
have  been  shown  to  positively  correlate  with  aging.  In  a  study 
examining  73  healthy  individuals,  those  over  60  years  exhibit 
increased  levels  of  IF- 1(3,  TNFa,  and  IF-6  compared  to 
younger  individuals  [35].  Additional  investigations  have 
shown  that  precursor  CD4+  T-cells  in  aging  individuals  are 
predominantly  committed  to  a  Thl  phenotype  [36].  However, 
as  reported  here,  the  incidence  and  magnitude  of  IGF-IR- 
specific  Thl  were  not  associated  with  the  age  of  the  individual. 
We  explored  adiposity  as  an  etiology  of  the  observed  immune 
responses  as  recent  evidence  suggests  that  obesity  is  also 
associated  with  Type  I  inflammation.  Thl  and  activated  CD8+ 
T-cells  are  the  predominant  adaptive  immune  cell  infiltrates  in 
adipose  tissue  [37].  Further,  a  recent  study  described  a  greater 
number  of  circulating  Thl  in  obese  individuals  compared  to 
overweight  and  healthy- weight  individuals  [19].  We  found  a 
higher  magnitude  IGF-IR-specific  Thl  immune  response  in 
obese  subjects  compared  to  overweight  and  healthy- weight 
subjects.  Why  would  IGF-IR  be  a  target  for  the  adaptive 
immune  response  in  obesity?  Overexpression  of  self-antigens 
during  oncogenesis  is  associated  with  enhanced  immunoge- 
nicity,  as  discussed  above  [21].  IGF-IR-specific  cellular 
immunity  may  have  been  primed  by  an  overexpression  of  the 
receptor  as  a  result  of  increasing  adiposity.  Studies  in  humans 
and  animal  models  of  obesity  indicate  that  adipocytes  first 
increase  cell  size  in  response  to  excess  energy  intake,  then 
increase  their  number  and  begin  to  secrete  growth  factors 
which  stimulate  the  proliferation  and  eventual  maturation  of 
pre-adipocytes  [38,  39].  Pre-adipocytes  isolated  from  subcu¬ 
taneous  adipose  tissue  express  thirty-fold  more  IGF-IR  pro¬ 
tein  than  mature  adipocytes  [20].  Collectively,  increased 
antigen  exposure  and  the  upregulation  of  pro-inflammatory 
cytokines,  including  IF-12p40  and  IF- 18,  observed  in  obese 
adipose  tissue  may  result  in  the  priming  of  Thl  to  adipose- 
related  self-antigens,  such  as  IGF-IR  [37]. 

Evidence  of  a  preexistent  Thl  response  in  breast  cancer 
patients  may  allow  more  facile  vaccine  boosting  of  that 
response  in  patients  whose  tumors  express  IGF-IR.  Indeed, 
in  a  clinical  trial  targeting  p53  in  17  colorectal  cancer 
patients,  33  %  of  patients  with  preexisting  immunity 
demonstrated  increased  levels  of  antigen- specific  T-cells 
after  vaccination,  whereas  no  augmentation  of  immunity 
was  observed  in  any  patient  without  preexisting  p5 3 -spe¬ 
cific  T-cells  [40].  Our  data  suggest  IGF-IR-specific 
immunity  may  also  be  a  marker  of  inflammatory  obesity. 
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